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Abstract 
The coral reef ecosystems of tropical seas provide the greatest diversity of all aquatic 
realms in terms of sheer numbers of species as well as microhabitats. Over the last 30 years, reef 
fish ecologists have attempted to eludicate processes accounting for the great biodiversity among 
fishes found on coral reefs. Theories and models ranging from recruitment-based stochastic non-
equilibria! assemblages to models based solely on habitat structure have been proposed and 
debated. However, it is widely accepted that both recruitment and post-settlement processes 
shape an assemblage of reef fish. My study examined the reef fish assemblages of three 
contrasting patch coral reefs at San Salvador, Bahamas, and examined the potential role of each 
-
reef's coral community in structuring its fish assemblage. The three reefs were found to differ in 
terms of coral cover and dominant coral species, but not coral species richness or diversity (H'). 
Significant differences were also found among fish assemblages, in terms of mean fish counts, 
species richness, diversity, and counts within families and feeding guilds. The patch reefs at Rice 
Bay consistently showed lower fish abundance and �so showed the lowest coral cover. A 
number of correlations were found linking fish variables with coral variables, especially at 
relatively impoverished Rice Bay, suggesting associations between reef fish abundance and coral 
habitat variables such as scleractinian and total coral cover. Canonical correspondence analysis 
(CCA) revealed relationships between fish species abundances and select coral variables at Rice 
Bay and Lindsay Reef. However, establishing strong relationships among fish community and 
coral community characteristics remains elusive. 
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Introduction 
Coral reefs are the most diverse aquatic ecosystems, exhibiting wealth in the 
number of species (alpha) and numerous habitats (beta). Primarily located between 30° N 
and 30° S latitudes, coral reefs are the aquatic analog of terrestrial tropical rainforests. 
Wells (1957) described coral reefs as "phenomena of sedentary organisms with high 
metabolism" inhabiting sufficiently illuminated marine waters. Coral reefs rarely develop 
in waters exceeding 50 m (Castro and Huber 2000) and flourish at shallower depths-the 
result of the corals' mutualism with photosynthetic dinoflagellates Symbiodinium sp. 
(Taylor 1971, Yonge 1973). While physically building the reef, corals also comprise the 
majority of benthic invertebrates in this ecosystem. 
Stony corals (Phylum Cnidaria, Class Anthozoa, Order Scleractinia) secrete a 
hard aragonite (CaC03) skeleton which certain forms (Suborders Astrocoeniia, Faviia), in 
association with red algae (Families Sporolithaceae, Corallinaceae), use to construct reefs 
over many decades. Differing types of reefs, such as barrier, fringing and atoll, are 
associated with particular environmental gradients like wave action, as well as the 
distinct species that create them. The other major order of corals, Alcyonaria (soft corals), 
does not contribute to the formation of reefs. However, in Caribbean waters soft coral 
species in the Suborder Gorgonacea may constitute a significant portion of the coral 
community. My personal observations have shown species such as the black sea rod 
Plexaura homomalla provide as much as 10% of the live coral cover on Bahamian patch 
reefs. Gorgonians exploit the water column and the limited reef surface area with their 
slender holdfasts, substantial vertical growth, and dichotomous or lateral branching 
(Ruppert and Barnes 1994). Colonies will grow closely, forming dense aggregations, 
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potentially providing fish with cover, and increasing the reef substratum complexity 
(Goldberg 1973, Lasker and Coffroth 1983, Jordan 1989, and Sanchez et al. 1997). 
Among this benthic coral community is an assemblage of reef fishes, consisting 
of both transient and site-attached species. By and large, fishes collected from small 
regions of a reef can be expected to be predominantly resident fishes (Sale and Dybdahl 
1975). However, larger transient predators such as jacks, barracudas, and sharks are 
commonly seen as they traverse the reef in search of smaller fish and invertebrates. 
Nonetheless, it appears that a number of reef fishes never stray beyond a few meters of 
the coral head on which they first settle. This often results in a densely packed collection 
of generalists, specialists and fiercely territorial fishes. 
While the last century found researchers arguing over the processes that shape a 
fish community, both settlement (recruitment) and post-settlement factors shape an 
assemblage of reef fishes. Thus, interactions between density-independent and density­
dependent processes regulate fish community structure (Syms and Jones 2000). Those 
fishes recruited from the larval supply directly influence the fish community on a 
particular reef, even a specific coral head, after which density-dependent factors 
influence community structure. 
The extent of spatial overlap among members of a community is controlled by 
species -specific choices of settling and adult reef fishes (Kaufman et al. 1992). By 
providing shelter from predation, habitat structure may modify key events operating at 
the scale of individuals (Hixon and Beets 1993) and mediate competitive interactions and 
survivorship (Jones 1988). Within a small spatial scale (meters to tens of meters), reef 
fish assemblages are non-equilibria! associations of species varying both temporally and 
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spatially due to the spatial and temporal variation in deterministic and stochastic 
processes (Sale 1991). 
A number of studies (Sale and Dybdahl 1975, 1978, Sale 1980) examined 
determinism in reef fish assemblages, and revealed a community structure that is largely 
unpredictable. However, many fish-habitat associations appear to be established at the 
time of settlement (Sale et al. 1984, Eckert 1985, Jones 1991). For example, a number of 
juvenile reef fishes set up cleaning stations, usually at individual small coral heads, over 
which they solicit larger fishes for removal of necrotic skin and ectoparasites. Use of 
coral colonies as habitat by fish justifies hypotheses concerning relationships between 
fish assemblages and coral communities. 
In the coral reef ecosystem, habitat structure can be defined in terms of the 
benthic attributes of the reef: mainly the coral and algal communities, as well as the 
topographic complexity (rugosity) of the reef. Populations of fishes may respond in 
predictable ways to temporal and spatial changes in the reef structure with which they are 
associated (Jones 1991). A number of studies (Eckert 1985, Jones 1988) raise the 
question as to whether habitat structure reinforces or alters the patterns established at 
settlement (Jones 1991). Jones (1988, 1991) found that the growth and survival of 
damselfishes differed at differing coral densities, suggesting the importance of coral 
substratum in structuring a reef fish assemblage. 
Reef benthic attributes such as rugosity, substrate diversity, and live coral cover 
have been correlated with reef fish abundance, diversity and distribution (Lirman 1999). 
Differences in live coral cover of less than 2 - 5% percent have produced significant 
differences in total species richness and abundance of fishes (Bell and Galzin 1984). 
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Galzin (1987), Carpenter (1990), Gladfelter et al. (1991a, 1991b) and Lirman (1999) 
have reported that decreases in live coral cover can result in an increase of herbivorous 
fishes. Similarly, biological diversity of the substratum has been highly correlated with 
fish species richness (Roberts and Ormond 1987). Furthermore, Gladfelter and Gladfelter 
(1978) and Lirman (1999) showed that the complexity of the reef substratum and the 
distribution of shelter holes influence reef fish abundance and diversity. While such 
correlations have been recognized, the literature also includes papers failing to support a 
relationship between coral and fish communities (Luckhurst and Luckhurst 1978, Molles 
1978, McManus et al. 1981, Lewis and Wainwright 1985, Roberts and Ormond 1987, 
Bohnsack et al. 1992). 
A number of the problems with the latter studies are methodological (Sale et al. 
1984); however, there is also significant spatial and temporal variability in reef fish 
populations (Sale and Douglas 1984), suggesting that coral-fish relationships may be due 
to chance alone. Research focusing on recruitment, competition, and dynamics of reef 
fish assemblages has not produced agreement on the degree of stability and predictability 
within these assemblages (Sale and Dybdahl 1975, 1978, Talbot et al. 1978, Brocket al. 
1979, Williams 1980, Odgen and Ebersole 1981, Bohnsack 1983, Shulman et al. 1983, 
Sweatman 1983, Sale et al. 1984, Robertson and Gaines 1986). While we may not be 
able to make specific predictions about the structure of fish assemblages, we certainly 
have amassed a literature investigating these assemblages, and future study may help to 
further clarify the strength of relationships between the fish assemblages and coral 
communities. 
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Determining relationships between benthic attributes and fish communities 
provides the potential to predict the effects of changes in reef morphology, natural or 
anthropogenic, on reef-associated organisms (Lirman 1999). My research examined reef 
fish communities of contrasting shallow patch reef habitats of the outer Bahamas. My 
objective was to determine whether the abundance, and diversity of reef fishes are 
influenced by live coral cover, differing coral forms (e.g., scleractinians and gorgonians: 
branching/pillar, encrusting/massive/boulder, etc.), coral diversity or species richness 
within differing patch reef communities. 
Implications for Corals Structuring Fish Assemblages 
Relationships of varying significance have been established between aspects of 
coral assemblages and reef fish assemblages within the coral reef communities. My 
research explored other attributes of these assemblages that have been overlooked in 
previous studies. In this section, I provide the rationale for developing a new and deeper 
inquiry. 
The majority of reef fishes are placed within the Order Perciformes. A rapid 
evolutionary radiation of perciform fishes occurred during the late Tertiary and coincided 
with a rapid radiation of modem scleractinian corals (Sale 1991). Not only does the fact 
that reef fishes live in and around coral reefs warrant investigation of community 
interaction, but if both communities have been evolving side-by-side, stronger or more 
meaningful interactions between these the communities or even co-evolution can be 
hypothesized. 
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Aside from evolutionary intersection, questions such as the relationship between 
fish species diversity/abundance and coral species diversity/abundance merit 
investigation. Scleractinian corals are the chief factors in the formation of coral reefs. 
Their live cover provides a rough estimate of reef health, potential for growth, and reef 
complexity (Lirman 1999). So, one can ask whether fish assemblages are structured or 
influenced by coral cover, species richness or diversity within the coral habitat they 
occupy. Scleractinian cover (measured in total and species proportions) provides a 
potentially measurable influence on reef fish abundance (Bell and Galzin 1984), species 
richness and diversity, if reef fishes favor areas of increasing coral cover. 
Increased coral cover provides increased reef surface area, structural/topographic 
complexity and microhabitat (Bell and Galzin 1984), and a potentially greater food 
source for invertebrates and some fishes. With corals as a principal site for primary 
production (e.g., zooxanthellate symbioses) in the coral reef environment, live cover may 
also influence reef trophic structure. 
Furthermore, coral reefs are incredibly diverse habitats. Higher coral species 
diversity may be correlated with increased species diversity of reef fishes (alpha), 
through increased habitat availability and diversity (beta). However, conflicting views 
remain regarding strength of this relationship (Chabanet et al. 1997). 
One of the interesting observations from the literature on coral reefs is the lack of 
information on whether gorgonians play a role in shaping reef fish assemblages. 
Gorgonian corals (Octocorallia: Gorgonacea) are conspicuous and abundant members of 
Caribbean coral reef systems (Ruppert and Barnes 1994). Therefore, similar questions 
such as those regarding relationships between diversity and abundance of fish and 
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scleractinian cover may also be asked of this significant component of the benthic 
community. 
In my study, I tested for differences in coral communities and fish assemblages 
among three patch reefs. I also examined the potential role of the coral community 
variables such as cover and diversity, in structuring fish assemblages. 
Study Site 
The island of San Salvador, Bahamas, lies at 24° 3' N latitude and 74° 30' W 
longitude, 640 km ESE of Miami, Florida (Figure 1 ). Regarded as the first New World 
landfall of Christopher Columbus in 1492, San Salvador is the outermost of more than 
3000 low-lying carbonate islands, cays and rocks that make up the Bahamian archipelago 
(Buchan 2000). 
Methods 
The most direct and effective method for determining a relationship between the 
abundance of reef fishes and coral assemblages is to remove the coral and observe the 
responses (if any) of the fishes. However, since coral reefs are precious living 
communities experiencing worldwide decline, this was not an acceptable study method. 
With this in mind, I designed an extensive survey to have very little or no impact on the 
studied reefs. 
The study sites selected were Lindsay Reef, Rocky Point, and Rice Bay (Figure 
1). Data obtained from McGrath and Smith (2001) provided initial information about 
these reefs (Table 1). In December 2000 and January 2001, I conducted surveys at those 
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locations. These initial surveys suggested reefs that differed, not only terms of geographic 
location (i.e., wave exposure), but also in dominant coral species, % hard coral, and 
topographic complexity. 
Three HOBOTEMP© digital temperature monitors, one per study location, were 
installed in late May 2001. Salinity measurements were also taken with a refractometer 
on sampling days. All data collected underwater in June and July 2001 and January 2002 
were recorded with a china marker wax pencil on 8.5 x 11 inch transparency film with 
copied spreadsheet cells attached to a white clipboard. 
Objectives 
The first two objectives of my study were simply to describe communities of 
corals and fishes at each reef. 
Objective 1: To describe any differences in coral communities the chosen reefs. 
• Ho: There are no significant differences in coral species richness, diversity, live 
cover (total, scleractinian, gorgonian, hydrocoral), rugosity and algae cover. 
• HA: There are significant differences in coral species richness, diversity, live 
cover (total, scleractinian, gorgonian, hydrocoral), rugosity and algae cover. 
I conducted primary surveys to compile lists of coral and fish species at each reef 
of interest by snorkeling, followed by detailed sampling on the reef. To establish 
relationships between the coral and fish assemblages required sampling coral cover, coral 
species richness, and reef topography/complexity. For this project 16 - 50 m2belt 
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transects were placed randomly in each reef community. First, a 30 m baseline transect 
was laid down following the depth profile (perpendicular to shore) along the outer edge 
of the reef at each study site. Then, four randomly located 40-m transects were laid 
perpendicular to the baseline (parallel to shore). Finally, four 10-m by 5-m belt transects, 
each covering 50m2 of reef, were randomly placed along each 40-m transect (n = 16 per 
site). This stratified random sampling technique was not applicable at all locations (i.e., a 
selected patch reef was not of sufficient size). In such cases, the approximate center of 
the reef was marked, the long axis of the reef was determined visually, and three random 
numbers were used to determine the location of belt transects (Lirman 1999). The first 
number determined side of the long-axis (0- 180 °, 181- 360 °) of the reef and the second 
number determined whether I oriented at a 45, 90, or 135 ° from the center marker and 
long-axis. The third number provided the distance from center of the reef to the belt 
transect. 
The belt transects were constructed using 15.3 em nails and fluorescent flagging 
tape. Each comer of the rectangular belt transect was marked by driving a nail into a bare 
patch (no living organisms) of the reef, and flagged with the fluorescent tape so that all 
markers were easily visible from within the belt transect. I swam each transect several 
times, noting any distinguishing features, such as large cavities/crevices, and 
familiarizing myself with the boundaries of the belt transect. Belt transects appeared to 
show no significant differences in terms of algal c.over, with two exceptions. 
After constructing the belt transects, a detailed survey design was used to estimate 
mean coral (stony, hydro and soft) species richness, diversity and live cover, and reef 
topography. As colonial animals, coral species reproduce sexually and asexually, and the 
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latter allows the development of considerable surface area. Therefore, the quantity of 
species was evaluated in terms of % live cover. 
Coral species cover was estimated visually within the belt transect using 10 - 1 m2 
quadrat frames placed haphazardly within the 50m2 sampling area. The frames were 
constructed using 1.5 inch PVC pipe cut to 1 m pieces connected with pipe elbows. 
Within each 1 m2 frame, I visually estimated the percent cover of individual coral species 
using a 9-point scale (Table 2) employed by Ormond et al. ( 1996). This technique 
follows a modification of the seven-step scale phytosociologic method developed by 
Braun-Blanquet ( 1964, in Scheer 1978), in which plant species are quantified by the 
amount of ground they "cover." Algae were also visually estimated but not identified. 
Data from the ten 1 m2 quadrats was used to estimate mean cover values for each 50 m2 
belt transect. Proportional cover values for each coral species were computed by dividing 
species cover values by the sum of total coral cover for the 10 - 1 m2 plots. 
I assessed topographic complexity using a rugosity index, following a 
modification of the method employed by McGrath and Smith (200 1). A 5-m line was 
stretched taut over the reef between two nails. I then laid a 5-m lead line along the bottom 
contour of the reef directly beneath the stretched line . The distance where the lead line 
ran out was recorded by swimming over the stretched line and noting the end of the lead 
line (McGrath and Smith 200 1). The run of the lead line divided by 5 m provided a 
relative measure of rugosity with lower values indicating higher topographic status ( 1.0 = 
total flatness; 0.0 =vertical 5 m surface) . . I adjusted the numbers by subtracting rugosity 
values from 1 to create an index of where larger numbers indicated higher rugosity. I 
made ten random measurements at each reef location. 
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Objective 2: To describe any differences in reef fish assemblages at the chosen reefs. 
• Ho: Fish assemblages exhibit no significant differences in abundance, species 
richness, diversity and equitability, or abundance within specific families and 
feeding guilds. 
• HA: Fish assemblages exhibit significant differences in abundance, species 
richness, diversity and equitability, or abundance within specific families and 
feeding guilds. 
I conducted reef fish surveys in the same 50 m2 belt transects established for coral 
surveys. I sampled the reef fish assemblages using non-destructive visual estimation 
techniques, which are generally preferred over destructive methods that alter the 
environment (Mapstone and Ayling 1998). Comparisons between visual and destructive 
sampling methods exist (Sale 1978). While visual methods have gained popularity (to the 
benefit of reef communities), it is important to stress that visual and destructive sampling 
both underestimate the abundance of fish within the sampling unit (Harmelin-Vivien et 
al. 1985, cited in Chabanet et al. 1997). Visual sampling is prone to subjective bias 
introduced by the observer but currently is the method favored by most researchers 
(Chabanet et al. 1997, Mapstone and Ayling 1998, Lirman 1999). 
I employed the following survey design: two stationary observation points along 
the periphery of each belt transect provided the platform for the visual observation. From 
the observation points I identified and counted all individual fish. The criterion for 
deciding when the census was complete was observing the reef for 5 min without 
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recording a new species (Sale 1991). Following the stationary surveys, I performed 
swimming surveys within the sampling area to search for demersal and hiding individuals 
(e.g., Blenniidae, Gobiidae). I replicated each survey once (two samples per belt 
transect), which provided an average abundance rounded up to the nearest whole fish. 
Objective 3: To describe relationships between the coral communities and their fish 
assemblage. 
• Ho: The measured parameters of the fish community are not correlated with the 
measured parameters of the coral community. 
• HA: The measured parameters of the fish community are correlated with the 
measured parameters of the coral community or habitat attributes of the reef. 
Significant positive relationships were expected to exist between the following 
community parameters: 
• Fish abundance/species richness and total live coral cover, scleractinian cover, 
gorgonian cover. 
• Fish abundance/species richness/diversity and coral species richness/diversity. 
Data Analysis 
I assigned coral species to growth forms indicated in Table 3, and cover values 
were computed for scleractinians, gorgonians, hydrocorals, and total coral . For the fish 
communities, I categorized the data by total abundance, abundance of each family, and 
abundance of feeding guilds: herbivores, invertivores, piscivores, and planktivores (Hiatt 
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and Strasberg 1960, Randall 1967). Many researchers pool fishes into guilds based on 
their diets to reduce statistical problems encountered with low numbers of individuals in 
many species (Lirman 1999). Grouping fishes into guilds affords a means of making 
ecological generalizations about trophic structure within the reef community rather than 
focusing on differences among species that, when considered separately, may mask 
significant relationships. 
I computed biodiversity measures for the coral and fish communities. Species 
richness (S) was the total number coral or fish species per transect . The Shannon Index 
(H' = -L Pi ln Pi, where Pi is the proportion of individuals of the ith species) was used to 
provide an estimate of species diversity for corals and fish. Species evenness (E = H'/ ln 
S) was used as an indicator of equitability in the abundances of species (Magurran 1988). 
I used Minitab software to perform all statistical analyses, except for non­
parametric multiple comparisons tests which I constructed in Microsoft Excel. Where 
applicable, I used the ln(x+1) .transformation to achieve normality. I also tested data for 
normality and equal variances using the Anderson-Darling Normality test and F- tests, 
respectively. If the data were normally distributed and had equal variances, I used 
Tukey' s multiple comparisons ANOV A to test for significant differences in parameters 
among study reefs. However, if normality or variance assumptions were not met, I 
applied a Kruskal-Wallis non-parametric test followed by a Nemenyi multiple 
comparisons test (Zar 1999). Bonferroni correction procedures to preserve a (0.05) for 
the number of tests were performed for coral variables (n = 11) and for tests of fish 
variables (n = 9). 
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To test for relationships between the coral and fish communities, I analyzed each 
reef separately by calculating Pearson correlation coefficients (r) for fish and coral 
variables. Computation of a correlation coefficient does not involve statistical 
assumptions; however, there are assumptions underlying the testing of hypotheses about 
correlation coefficients (Zar 1999). Therefore, I only tested the significance of 
relationships showing correlation coefficients greater than 0.5. I used a Bonferroni 
correction for the correlation analyses by dividing the a. -value (0.05) by the number of 
correlations performed for each fish variable. 
Using PCOrd software, I used canonical correspondence analysis (CCA) to 
analyze fish species data and coral data from each reef system. Only fish species with 
greater than 1% abundance were used in the analyses. Coral cover was partitioned 
according to growth form (Table 3). To test the robustness of the CCA analyses, Monte 
Carlo procedures (a.::: 0.05) were also performed to test the null hypotheses that no 
structure existed in the fish communities and therefore there were no relationships among 
fish and coral variables. Only fish species showing "final scores" within the top quarter 
of absolute values for a significant ordination axis were considered to be associated with 
that axis. Only coral variables with ?--values� 0.3 were considered to be correlated with 
the fish species ordination axes. 
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Results 
Mean daily water temperatures during this study for Rice Bay, Rocky Point, and 
Lindsay Reef were 29.7, 29.0, and 29.1° C, respectively. Salinity measurements for all 
three reefs were 36 parts per thousand (%o), as indicated by refraction. 
Coral Communities 
A total of 36 coral species were found within the 48 belt transects randomly 
placed among three patch reefs (16 per reef). Twenty-two scleractinians, two hydrocorals, 
and 12 gorgonians were found (Table 4). 
Species Richness, Diversity, and Equitability 
The species richness recorded for the Rice Bay, Rocky Point, and Lindsay Reef 
was 28, 30 and 29 species, respectively. No significant differences in mean species 
richness were detected (P = 0.197, Table 5, Appendix 1a). Separate consideration of 
species richness for scleractinians and gorgonians also indicated no significant 
differences (P = 0.330, 0.121, respectively, Table 5, Appendix 1b,c). Furthermore, no 
significant differences in Shannon's diversity were found among Rice Bay (H' = 1.61), 
Rocky Point (H' = 1.92), and Lindsay Reef (H' = 1.93) (P = 0.841, Table 5, Appendix 
1d). However, species equitability was significantly different (P = 0.000, Table 5, 
Appendix 1e) among the reef systems. Both Rice Bay (E = 0.69) and Rocky Point (E = 
0.73) had significantly lower equitability than Lindsay Reef (E = 0.98). 
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Coral Cover 
Total coral cover for each reef was computed by summing the cover values of 
scleractinians, gorgonians, and hydrocorals (Table 4). Total coral cover measurements at 
Rice Bay (2.8%) were significantly lower (P = 0.000, Table 5, Appendix If) than at 
Rocky Point (8.7%) and Lindsay Reef (8.1 %). Figure 2 and Table 5 display the mean 
coral cover values subdivided into the scleractinian, gorgonian, and hydrocoral 
(Milleporina) constituents among the surveyed reef systems. 
Scleractinian Corals 
Stony coral cover did not exceed 9.7% within any belt transect. Lindsay Reef 
(4.7%) and Rocky Point (3.7%) had significantly higher scleractinian cover than Rice 
Bay (1.2%) (P = 0.000, Table 5, Appendix lg). At Rice Bay, the mustard hill coral 
Porites asteroides (6.0%) followed by rose coral Manicina areolata (5.1 %) were the 
dominant scleractinians (Table 4). The species with highest relative cover at Rocky Point 
was P. asteroides (22.4%), followed by lobed star coral Montastrea annularis (4.4%)-a 
significant reef-building coral in the Caribbean. Major scleractinians at Lindsay Reef 
were Montastrea annularis (24.8% proportional cover) and P. asteroides (14.0% 
proportional cover). Smaller proportions of star coral Montastreafaveolata were noted on 
Lindsay Reef, but they were not found in my randomly placed quadrats. The lettuce coral 
Agaricia agarcites and finger coral Porites porites were also abundant scleractinians 
across all reefs (Table 4 ). 
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Hydrocorals 
Hydrocorals, or "fire corals," are actually hydrozoans (Class Hydrozoa, Order 
Milleporina) and not true corals (Class Anthozoa), but like scleractinians they possess the 
ability to secrete a calcium carbonate skeleton and can provide appreciable cover on a 
reef. Only two species of fire coral were recorded during the surveys: the branching fire 
coral Millepora alcicomis and the blade fire coral Millepora complanata. No significant 
difference in the cover hydrocorals was observed among Rice Bay (0.1% ), Rocky Point 
(0.3%), and Lindsay Reef (0.3%) (P = 0.373, Table 5, Appendix 1h), and their overall 
cover was low. 
Gorgonian Corals 
Gorgonian cover estimates reached as high as 10.9% within belt transects. Rice 
Bay had significantly lower mean cover (1.5%) than Rocky Point (4.7%) and Lindsay 
Reef (3.2%) (P = 0.000, Table 5, Appendix 1i). Gorgonians constituted more than half of 
the coral community (54.4%) at Rocky Point and at Rice Bay (53.6% ). The two species 
with the highest proportional cover values at Rocky Point were the black sea rod 
Plexaura homomalla (12.6%) and the common sea fan Gorgonia ventalina (12.5% ). The 
Bahamian sea fan Gorgonia flabellum (7 .9%) was also a conspicuous member of Rocky 
Point's coral assemblage (Table 4 ). The distribution of sea fans was reversed at Lindsay 
Reef, with the Bahamian sea fan G. flabellum (8.5%) slightly more abundant than the 
common sea fan G. ventalina (5.0%). The most abundant gorgonian at Lindsay Reef was 
also P. homomalla (13.0%). At Rice Bay, the various porous sea rods Pseudoplexaura 
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spp. had the highest relative cover (16.0%), followed by G. ventalina (10.2%) and P. 
homomalla (8.2%) (Table 4). 
Across all reefs, the most abundant gorgonians recorded during my study were 
colonies of P. homomalla. Gorgonia spp. (sea fans) were also frequently recorded, 
followed by the Pseudoplexaura species complex. Sea plumes of the genus 
Pseudopterogorgia also constituted a high proportion of the coral communities (Table 4). 
Rugosity (Topographic Complexity) and Algae Cover 
Significant differences were observed in topographic complexity and algal cover 
among the three reef systems. Higher rugosity measurements were taken at Lindsay Reef 
(0.41) than at Rocky Point (0.28) and Rice Bay (0.16) (P = 0.000, Table 5, Appendix 1j). 
Rice Bay (60.3%) had significantly higher algae cover than Rocky Point (46.7%) and 
Lindsay Reef (48.9%) (P = 0.000, Table 5, Appendix 1k). 
Fish Assemblages 
Fifty-six fish species were observed in June-July 2001 and January 2002 within 
belt transects at Rice Bay, Rocky Point, and Lindsay Reef. Table 6 provides a complete 
species list, including trophic guilds and percent abundance data for each reef. 
Species Richness, Diversity and Equitability 
A total of 37 species were observed at Rice Bay, 32 at Rocky Point, and 46 at 
Lindsay Reef (Table 6). However, on average Rice Bay had significantly fewer fish 
species per belt transect (8.7) than Rocky Point (10.3) and Lindsay Reef (13.3) (P = 
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0.018, Table 5, Appendix 2a). Following Bonferroni a.-correction, fish species diversity 
(H') was not significantly lower at Rice Bay (1.72) and Rocky Point (1.71) than at 
Lindsay Reef (2.1) (P = 0.099, Table 5, Appendix 2b). However, Rocky Point (0.74) had 
significantly higher fish species equitability (E, P = 0.000) than Rice Bay (0.57) and 
Lindsay Reef (0.55) (Table 5, Appendix 2c). 
Fish Counts (50m-2) 
The mean number of fish counted per belt transect at Rice Bay, Rocky Point, and 
Lindsay Reef was 23, 46, and 47, respectively; numbers were significantly lower at Rice 
Bay (P = 0.000, Table 5, Appendix 2d). Figure 3 displays the percent abundance of fish 
families represented by more than 1% abundance. Figure 4 displays abundances of reef 
fishes among locations for the four most abundant families. 
Labridae (Wrasses) 
Six species of wrasses from three genera were observed during my study (Table 
6). Rice Bay (10.3) showed significantly lower labrid abundance than Rocky Point (22.2) 
and Lindsay Reef (18.9) (P = 0.000, Table 5, Figure 4, Appendix 2e). 
The most abundant fish at all reefs during the sampling period was the bluehead 
Thalassoma bifasciatum {Table 6, Figure 5). June-July 2001 sampling coincided with the 
spawning period of blueheads at San Salvador's reefs. On numerous occasions, I 
observed aggregations of 30-50 small fishes above massive colonies of star coral M. 
annularis and smaller numbers (5-10) within branches of black sea rods Plexaura 
homomalla. The second most abundant wrasse I observed was the slippery dick 
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Halichoeres bivittatus, with its highest percent abundance at Rice Bay (10%) (Table 6, 
Figure 5). Lesser proportions of congeneric clown wrasses H. radiatus, yellowheads H. 
garnoti, and puddingwives H. maculipinna and a few Spanish hogfish Bodianus rufus 
were also counted at each reef. 
Acanthuridae (Surgeonfishes) 
Surgeonfishes of San Salvador include three species: the ocean surgeon 
Acanthurus bahianus, the blue tang A. coeruleus, and the doctorfish A. chirurgus. The 
latter species was observed at all reefs, but was not counted because it did not appear in 
my belt transects. Rocky Point (8.5) displayed significantly higher mean abundance of 
surgeonfishes than Rice Bay (4.6)_and Lindsay Reef (5.5) (P = 0.027, Table 5, Figure 4, 
Appendix 2f). 
Scaridae (Parrotfishes) 
Six species of parrotfishes were found during my study (Table 6); unidentified 
juvenile parrotfishes were lumped into a separate category (UniD scarid). Significant 
differences in abundance of parrotfishes were detected among reef systems. Lindsay Reef 
(10.6) had a higher abundance of scarids (P = 0.000, Table 5, Figure 4, Appendix 2g) 
than Rice Bay (2.8) and Rocky Point (4.9). Figure 6 shows the percent abundance of 
scarid species from each reef. Scarus croicensis and Sparisoma viride were among the 
most conspicuous scarids. At Lindsay Reef, S. croicensis comprised more than 10% of 
the fish community (Figure 6). Three species of scarids, including the queen Scarus 
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vetula, princess S. taeniopterus, and yellowtail Sparisoma rubripinne parrotfishes, were 
absent from Rice Bay but were observed at Rocky Point and Lindsay Reef. 
Pomacentridae (Damselfishes) 
The territorial damselfishes are frequently evaluated in the literature; however, an 
analysis of variance was not performed on damselfish counts due to their low numbers in 
my samples. Results of the test might show statistical significance, yet lack significance 
biologically. However, the percent abundances of damselfish species are displayed in 
Figure 7. 
At Rice Bay, the more frequently counted of the two damselfishes was the 
beaugregory Stegastes leucostictus. The dusky damselfish Stegastes dorsipucans was the 
most abundant damselfish at both Rocky Point (3.0%) and Lindsay Reef (2.7%). The 
cocoa damselfish Stegastes variabilis was also present at Rocky Point (1.9%) and 
Lindsay Reef (0.9% ). The yellowtail damsel Microspathodon chrysurus was present at all 
locations, but only recorded within transects at Rocky Point (Figure 7). 
Invertivores 
Invertivores at Bahamian patch reefs are diverse and include members of the 
families Labridae (wrasses), Pomacentridae (damselfishes), Mullidae (goatfishes), 
Gobiidae (gobies), Labrisomidae/Blenniidae (blennies), and others shown in Table 6. 
Rice Bay had fewer invertivores (15.4 fishes per transect) than Rocky Point (26.5) and 
Lindsay reef (29.7) (P = 0.009, Table 5, Figure 8, Appendix 2h). The most abundant 
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invertivores were wrasses, and the two most abundant species were T. bifasciatum and H. 
bivattatus (Table 6). 
Herbivores 
The most common herbivores were parrotfishes and surgeonfishes. Herbivore 
abundances were different among the study locations (P = 0.000, Table 5, Figure 8, 
Appendix 2i). Rice Bay (9.1) had fewer herbivores than Rocky Point (17.8) and Lindsay 
Reef (19.3). These differences were most likely due to fewer parrotfishes observed at 
Rice Bay (Table 5). 
Piscivores. Planktivores and Detritivores 
Piscivores observed included the groupers (Serranidae), some wrasses, snappers 
(Lutjanidae), and grunts (Haemulidae). The most abundant piscivore at the both Rice Bay 
and Rocky Point was a wrasse, the slippery dick Halichoeres bivittatas. A small grouper, 
the coney Cephalopholis fulvus, was the most abundant piscivore at Lindsay Reef (Table 
6). 
The feeding guilds with the fewest representatives were the planktivores and 
detritivores. Planktivorous species included the banded butterflyfish Chaetodon striatus 
and the blue chromis Chromis cyaneus. Abundances of these groups were too small to 
use statistical analyses to make meaningful biological comparisons. However, their 




For correlations between fish and coral variables where r � 0.5 (Table 7), I tested 
hypotheses for positive relationships between fish community characteristics and coral 
community characteristics. 
Fish Abundance and Coral Community Characteristics 
Fish abundance was not significantly correlated with any coral variable at Rice 
Bay or Lindsay Reef; however, it was correlated (P < 0.05) with coral species richness (r 
= 0.596) and total coral cover (r = 0.629) at Rocky Point (Table 7). 
Fish Species Richness/Diversity and Coral Community Characteristics 
Fish species richness (S) was not significantly correlated with any coral variable 
at Rice Bay, but fish species diversity (H') was highly correlated with coral species 
diversity (H') (r = 0.861, P < 0.01) (Table 7). The high Pearson correlation coefficient for 
a relationship between fish diversity and coral equitability (r = 0.837) was not considered 
an independent relationship. Calculation of the Shannon index takes species evenness 
into account. Therefore, the high r-value fish H' and coral E strengthens the fish H' -coral 
H' correlation, rather than suggesting a new relationship. Likewise, the r-value for the 
relationship between fish equitability and coral diversity (r = 0.709) supports the high 
positive correlation between fish equitability and coral equitability (r = 0.946, P < 0.001) 
(Table 7). 
At Lindsay Reef, fish species richness and diversity were significantly negatively 
correlated (r = -0.605, -0.593, respectively) with gorgonian cover (Table 7). For Rocky 
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Point, there were no significant relationships between fish species richness/diversity, 
equitability and coral variables (Table 7). 
Canonical Correspondence Analysis 
At Rice Bay, 11 fish species were found at 1% or greater relative abundance, and 
63.5% of the variance in fish species data was extracted by CCA (Figure 9, Appendix 
3a). The Monte Carlo test showed a significant fish-coral correlation for CCA-axis 1 (r = 
0.998, P = 0.02) (Table 8, Appendix 3a), but not for axes 2 and 3. Axis 1 accounted for 
31.6% of 63.5% of the variance in the fish data. Among fish species, Halichoeres 
bivittatus was positively associated with axis 1, while Canthigaster rostrata, Scarus 
croicensis and Pseudupeneus maculatus were negatively related to axis 1 (Appendix 3a). 
Coral diversity (H'), LPS, and BP were negatively correlated with axis 1 (Table 8, Figure 
9). 
At Rocky Point, 14 fish species were found at 1% or greater relative abundance, 
and 68.7% of the variance in the fish species data was extracted by CCA (Appendix 3b). 
However, the Monte Carlo test revealed no structure within the fish community at Rocky 
Point, and therefore no significant relationship between fish species and coral variables at 
Rocky Point. 
For Lindsay Reef, 17 fish species were found at 1% or greater relative abundance, 
and the three axes generated by CCA explained 55.1% of the variance in fish species data 
(Figure 10, Appendix 3c). Axis 1 accounted for 32.5% of the variance (r = 0.998, P = 
0.05) and Axis 3 explained 10.6% (r = 0.993, P = 0.05) of the variance in fish species 
data (Table 8). Axis 2 accounted for 12.0% of the variance, but the fish-coral correlation 
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was not significant (r = 0.888, P = 0.98). Among fish species, Kyphosus sectatrix, 
Malacoctenus triangulatus, and Gobiosoma genie were negatively associated with axis 1. 
Sparisoma aurofrenatum was negatively associated with axis 3, and positively associated 
with axis 1 (Appendix 3c). EG, FL, and SF were the coral variables negatively correlated 
with ordination axis 1, and Coral E was negatively correlated with axis 3 (Table 8, Figure 
10). 
Discussion 
My study provides insight into selected relationships among fishes and corals at 
three patch reefs at San Salvador, Bahamas. Using standard methods, my surveys 
revealed three differing coral reef communities in terms of fish and coral assemblages. 
Coral Communities 
The three reefs (Rice Bay, Rocky Point, and Lindsay Reef) differed in terms of 
scleractinian, gorgonian, and total coral cover, rugosity, and species equitability, but not 
in species richness or diversity (H'). Of the three study sites, Rice Bay had consistently 
significantly lower abundance of corals and fish {Table 5). The lower coral cover at Rice 
Bay is most likely due to its geography. Rice Bay is located on the windward, northeast 
side of San Salvador, while Rocky Point and Lindsay Reef are located on the leeward, 
western side. 
In the mid to late 1980s, a bank/barrier reef extending from North Point to 
Manhead Cay (Figure 1) collapsed (T. McGrath, Corning Community College, pers. 
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comm.). This probably decreased Rice Bay's protection and brought on significant 
sediment loading, which is the putative cause for an anecdotally reported decline of 
corals in Rice Bay (T. McGrath, Corning Community College, pers. comm.). A number 
of patch reefs still show remnants of eroded elkhorn coral Acropora palmata, indicative 
of once positive conditions for coral growth. 
In my study, Rice Bay had less coral cover than the other two reefs, but species 
richness and diversity were not significantly different from Rocky Point and Lindsay 
Reef. Based on such observations, it is probable that each location has equal recruitment 
potential for larval corals but conditions at Rocky Point and Lindsay Reef may be more 
favorable for the settlement or development of corals. 
The high cover of gorgonians at Rocky Point may reflect the location of this reef 
on the northwest corner of San Salvador (Figure 1). While the western side generally has 
calmer waters than the eastern (Atlantic Ocean) side, Rocky Point directly intercepts the 
westward long-shore current on the north side of San Salvador. Gorgonian growth is 
favored in areas of high wave activity (Ruppert and Barnes 1994), which may account for 
more substantial growth of the gorgonian colonies, and thus their higher cover values, at 
Rocky Point (Table 4 ). 
My data showing differences in topographic complexity (rugosity) among reefs is 
limited. A minimum of one rugosity measurement per belt transect is needed to 
incorporate the rugosity data into the correlation analysis; increased replication within 
belt transects is even better. Due to time constraints only 10 rugosity measurements were 
taken per reef system, which may have underrepresented topographic complexity at each 
reef. Also, rugosity was measured outside of the belt transects to avoid disturbing fish 
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surveys. However, I do not believe the rugosity measurements taken in this study are 
misleading. The conspicuous presence of Acropora cervicornis rubble at Lindsay Reef, 
compared to the other systems, added to the topographic complexity at that location and 
resulted in significantly higher rugosity values there (Table 5). 
Fish Communities 
Differences were also found in the fish communities among the three locations. 
Rice Bay had significantly lower mean fish species richness per belt transect than Rocky 
Point and Lindsay Reef; however, no significant differences in fish species diversity were 
found among the reefs (Table 5). The differences in mean equitability between the three 
reefs indicates that fish species are less patchy in their distribution at Rocky Point, with 
species more equally represented across samples (Table 5). Rice Bay also had the lowest 
fish counts per belt transect, with half as many fishes counted on average (Table 5). 
Similar trends were observed for families and trophic guilds (Table 5); therefore, my data 
does suggest differences in abundance of taxa or trophic guilds among reefs. 
Lower mean fish species richness and mean abundance at Rice Bay could be due 
to a number of factors. Recruitment is a principal factor affecting the number of fish and 
number of fish species observed on any reef. Fishes on a coral reef are recruited from the 
pelagia, having settled to reef habitat through some process, be it active habitat selection 
or simple passive larval transport. In the past the passive ("chance") mode has been 
regarded as the chief settlement process, but evidence is now accumulating for the active 
process (Montgomery et al. 2001). It is known that colonizing reef fish larvae select the 
habitats in which they settle, and active habitat selection is defined as "the end of the 
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pelagic dispersal phase and orientation towards reefs over spatial scales of hundreds of 
meters to kilometers" (Montgomery et al. 2001). If active habitat selection is occurring, 
then such habitat choices are reflected by the presence of fish species occurring with 
certain habitat variables. This means larval reef fishes are seeking patch reefs and show a 
differential affinity to particular reefs based on physical, chemical or biological attributes 
of the reef or some combinations of attributes. Pre-settling reef fishes can orient to reefs 
from distances of 1 km using olfaction and visual cues (Montgomery et al. 2001). 
However, since the majority of reef fishes spawn pelagic larvae mostly at the mercy of 
ocean currents, expectations that the same species will occur on a given reef repeatedly 
are questionable (Diana 1995). 
Without recruitment data, I cannot rule out differential pools (i.e., species) of 
recruits at different reefs over time. One can expect that self-recruitment in already low 
diversity populations such as Rice Bay will not increase species richness. Furthermore, 
Rice Bay may not have the resources (e.g., habitat complexity) to support a large fish 
population compared to Rocky Point and Lindsay Reef. Other post-settlement influences, 
namely competition and predation, also may reduce the abundance of fishes. Large 
transient predators such as groupers and jacks may be depleting already low densities of 
fishes at Rice Bay via inverse density-dependent interactions. While these factors may be 
present, my data cannot demonstrate any evidence of their effects. 
Reef fish assemblages are highly stochastic, making methodological control for 
local variability difficult. Samoilys and Carlos (2000) investigated underwater visual 
census methods for estimating coral reef fish abundance in the tropical Pacific. Due to the 
high variability in fish density estimates, they recommended that at least ten replicates 
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per transect be used to quantify Pacific species. Fish density estimates are very time­
consuming, and I was not seeking to accurately determine densities of reef fish but rather 
to obtain relative abundance data. Due to time constraints I performed only two counts 
per transect, but my standard errors were quite low (Table 5). Therefore, I believe my 
sampling scheme measured the reef fish community of San Salvador reasonably well. 
The choice of 50 m2 for visual sampling of reef fishes may not be entirely 
appropriate, depending on the purpose of an investigation. The literature reveals a variety 
of modifications and scales for visual survey methods. For example, Lirman (1999) used 
50 m2 belt transects in the Florida Keys, Bell and Galzin (1984) used 250 m2 transects at 
Mataiva Atoll, Pacific Ocean, and Chabanet et al. (1997) employed 100 m2 belt transects 
at Reunion Island, Indian Ocean. I believe that my use of 50 m2 belt transects was ideal 
considering the small sizes of the surveyed patch reefs, and that only relative abundances 
were being measured. If fish density estimations are required, then larger transects with 
more replication may be required to obtain accurate data. 
Fish-Coral Associations 
Considerable debate surrounds the significance of relationships between fish 
assemblages and coral communities. Nonetheless, it is believed that because corals 
physically create the habitat in which reef fishes live, feed and reproduce, then corals 
must importantly influence the fish assemblage. 
Coral cover has been proposed as a major factor influencing the abundance of reef 
fish and fish species diversity. The occurrence of higher fish abundance and higher coral 
cover at Rocky Point and Lindsay Reef and lower fish abundance and lower coral cover 
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at Rice Bay suggests that coral cover does influence the number of fish at a coral reef. 
However, the relationship between fish abundance and the coverage of corals is not 
without contention in the literature. An equal number of studies show positive 
correlations between the number of reef fishes and the coverage of corals (Bell and 
Galzin 1984, Galzin 1987, Carpenter 1990, Gladfelter et al. 1991a, 1991b, and Lirman 
1999), and no relationship between the two variables (Luck:hurst and Luckhurst 1978, 
Molles 1978, McManus et al. 1981, Lewis and Wainwright 1985, Roberts and Ormond 
1987, Bohnsack et al. 1992). 
Lirman (1999) showed that the interaction of coral cover and topography 
significantly influenced the number of reef fish within 50 m2 belt transects at reefs of 
Florida and the Virgin Islands. He showed that transects with higher total coral cover had 
higher numbers of reef fish. 
My data show that Lindsay Reef supported the highest mean fish abundance, fish 
species richness, and fish diversity, as well as supporting the highest total coral cover, 
richness, and species diversity. Also, Lindsay Reef had the highest rugosity 
measurements. The northern portion of Lindsay Reef has remnants of once thriving 
Acropora cervicornis colonies. A die-off of A. cervicornis, a highly branching 
scleractinian, in the mid-1980s (Haynes, pers. comm.) has produced coral rubble that 
provides considerable shelter for reef fishes. I observed many labrids and pomacentrids 
within the rubble; however, I did not quantify abundances in relation to the amount of 
rubble. The coupling of high rugosity, high coral cover, and high coral species diversity 
at Lindsay Reef probably influences the high number of fish and fish species Lindsay 
Reef can support. 
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However, to confuse matters, there was a significant negative relationship among 
fish species richness, diversity (H'), and equitability (E), and gorgonian cover at Lindsay 
Reef (Table 7). Syms and Jones (2001) have suggested that soft corals (Alcyonacea) in 
the Pacific may possibly deter fishes. Both alcyonaceans and gorgonians (the majority of 
Caribbean soft corals) contain compounds rendering colonies unpalatable to many fish 
species. In the Caribbean it appears that chaetodontids and pomacanthids are the only reef 
fish that feed on gorgonians (Randall 1967). 
Fish Abundance and Coral Community Characteristics 
Mean fish abundance appears to have a positive relationship with coral cover, but 
the relationships are not entirely clear in my data (Table 7). The majority of correlation 
coefficients greater that 0.5 were calculated for Rice Bay; however, following appropriate 
Bonferroni procedures, none of these r-values was significant (Table 7). At Rocky Point, 
fish abundance was significantly correlated with total coral cover and coral species 
richness (Table 7). At Lindsay Reef, fish species richness, diversity, and equitability were 
negatively correlated with gorgonian cover (Table 7). Clearly, the few significant 
correlations between fish abundance and coral community variables make it difficult to 
interpret my data. 
Most literature focuses on relationships between fish abundance and live 
scleractinian coral cover, but association between fish abundance and gorgonian corals 
has not been explored as extensively. A recent paper by Syms and Jones (2001) indicates 
that soft corals exert no direct effects on reef fish assemblages in the Pacific. In relation 
to fish abundance their results show that soft coral habitat on patch reefs was 
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indistinguishable from equivalent-sized habitat formed by bare rock. At San Salvador's 
reefs, gorgonian soft corals constitute a significant portion of some coral communities, as 
evidenced by comparing gorgonian and scleractinian cover values among the three 
locations (Table 5). 
Reasons for the lack of significant positive associations between gorgonians and 
fishes are unclear, because I noticed a number of incidences where labrids and 
acanthurids sought shelter among colonies of branching species (Plexaura and 
Pseudopterogorgia). Especially confusing were the strong negative correlations between 
fish and gorgonian variables at Lindsay Reef (Table 7). The results of my study suggest 
that gorgonian cover may weakly influence reef fish abundance at Rocky Point, where 
gorgonians are most abundant (Table 4). However, the significant positive correlation 
between fish abundance and gorgonian cover at Rocky Point may be explained simply by 
the fact that gorgonian cover was 3X and 1.5X higher at Rocky Point than at Rice Bay 
and Lindsay Reef, respectively, and not by a relationship between fish and gorgonians. 
Further research is needed to establish whether or not a significant relationship 
exists between fish assemblages and gorgonians. Thus far, Syms and Jones (2001) are the 
only researchers to experimentally address this question; they examined the influence of 
soft corals on Pacific reef fish assemblages. While not supporting any direct influences, 
they did show that fish assemblage structure covaries with soft coral cover, and they 
suggested that chemical deterrence by or overgrowth of crevices by soft corals may 
negatively affect fish assemblages (Syms and Jones 2001). 
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Fish Species Richness/Diversity and Coral Community Characteristics 
Although widely studied, causes for the great diversity of coral reef fishes remain 
unclear. Coral cover and diversity of reef substrata have been correlated with fish species 
richness (Bell and Galzin 1984, Chabanet et al. 1997). However, other authors found no 
correlation between coral cover and fish species richness (Luckhurst and Luckhurst 1978, 
Roberts and Ormond 1987, McManus et al. 1991). 
Fish diversity was highly correlated with coral species diversity at Rice Bay 
(Table 7). This may provide evidence of a relationship between fish and corals in a 
compromised reef habitat (Chabanet et al. 1997), whereas at sites of higher coral cover 
other factors, such as competition among fishes, may obscure the role of coral diversity in 
shaping the fish community. 
Bell and Galzin ( 1984) showed that the presence and amount of live coral cover 
was related to significant differences in fish species richness and density of individuals 
on topographically similar reefs. They found highly significant positive relationships 
between live coral cover and number of fish species, number of species 250 m·2, and 
number of individuals 250 m-2 at Mataiva Atoll, Pacific Ocean (Bell and Galzin 1984). 
They also reported that 91% of the variance in fish species richness was explained by 
scleractinian cover-much more conclusive results than those presented here. 
Multivariate CCA of Fish Species-Coral Community Relationships 
Species-environment correlations were only significant at Rice Bay and Lindsay 
Reef (Table 8). At Rice Bay, the blue tang Acanthurus coeruleus appeared somewhat 
associated with branching corals and leaf/plate type corals (Figure 9). Striped parrotfish 
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Scarus croicensis and spotted goatfish Pseudupeneus maculatus appeared associated with 
coral diversity, suggesting that these species may seek areas where a variety of coral 
species are found. S. croicensis is one of the more abundant parrotfishes at San 
Salvador's patch reefs. The slippery dick Halichoeres bivittatus had a high positive 
loading with axis 1, suggesting that it may potentially avoid areas of high coral diversity 
(Figure 9). H. bivittatus may potentially be associated with flower coral (FC) cover. FC 
was positively correlated with axis 1, however the relationship was not strong (0.508) 
(Appendix 3a). In direct contrast, the sharpnose puffer Canthigaster rostrata had a high 
negative loading with axis 1 indicating probable association with areas of higher LPS and 
BP cover. At Rice Bay, most C. rostrata individuals were observed at the reef edge, 
where higher cover of LPS (e.g. Agaricia agarcites) was observed. 
At Lindsay Reef, the saddled blenny Malacoctenus triangulatus and the cleaning 
gobie Gobiosoma genie were highly associated with axis 3, indicating a potential 
relationship among those small fish species and the sea fan cover (Figure 10). These 
results support my observations;  while sampling I observed a number of G. genie 
individuals with established cleaning stations at and in the vicinity of sea fan holdfasts. 
The CCA also suggests that Sparisoma aurofrenatum and Stegastes fuscus may prefer 
areas with higher coral equitability, and avoid areas with high sea fan cover (Figure 10). 
An association with coral equitability suggests that these two species are associated with 
an even range of coral species cover. Kyphosus sectatrix appeared the furthest from other 
species in the CCA (Figure 10). This species is a more transient member of the reef fish 
community, moving in large schools across the reef. The same K. sectatrix individuals 
(identified by size and markings) were present on Lindsay Reef during every sampling 
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date, and therefore I considered them to be residents. Many of the remaining species 
showed too much variability in their distribution to suggest distinct relationships with 
coral variables. 
The lack of significant fish-coral relationships for a majority of the species is 
evidence that reef fish species exhibit great spatial variability in their microhabitat use. 
This suggests that species found on patch reefs may exhibit wide, overlapping ranges of 
microhabitat use. 
Other Factors Influencing Fish-Coral Associations 
Chabanet et al. (1997) suggested that the relationship between the abundance of 
fish and the coverage by coral might be stronger in shallow water because fish are within 
closer proximity to the substratum. Furthermore, Chabanet et al. (1997) reported 
significant correlations between the abundance of fishes and the species diversity of 
corals only in disturbed environments. The majority of relationships I observed between 
the fish assemblages and coral communities were at Rice Bay, which is considered the 
most compromised (T. McGrath, Coming Community College, pers. comm.) of the three 
reefs I studied in terms of coral cover and fish abundance. My observation of coral 
community characteristics influencing fish assemblages more in a disturbed environment 
suggests that disturbance may be limiting the fish assemblage at Rice Bay. Syms and 
Jones (2000) experimentally demonstrated that change in habitat structure as a result of 
different regimes of disturbance resulted in changed fish communities. Another 
consideration is that lower coral cover likely results in a lower number of non-fish 
species inhabiting a reef; this is the basis for using coral cover as an indication of reef 
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habitat complexity. Fishes may be dependent on, or influenced by, the presence or 
abundance of other reef residents who, in turn, are dependent on or influenced by the 
coral cover. 
The role of habitat complexity in reef fish communities is heavily studied, but 
results are inconclusive. However, complexity does provide both transient and permanent 
shelter (Cal�y and St. John 1996). Habitat complexity can provide refuge from predation, 
influence the abundance and range of consumer resources, and influence interactions 
between predators and competitors (Hixon and Menge 1991 ,  Abrams 1992; both in Caley 
and St. John 1996). If increased topographic complexity provides a valuable habitat 
resource by increasing shelter space for reef fishes, it likely provides the potential to 
support a higher abundance and diversity of reef fishes, as was seen at Lindsay Reef 
(Table 5). 
Interactions among a number of benthic attributes such as coral cover, coral 
species richness and rugosity; density-dependent factors such as competition and 
predation within the fish community itself; or density-independent factors such as 
recruitment processes and weather all potentially affect fish assemblages on a coral reef. 
Experimental procedures must be used if definitive independent effects of such variables 
are to be established. The current threatened status of coral reefs worldwide provides 
sufficient initiative for such research, but obtaining permission to experimentally 
manipulate reefs is problematic given their status. 
Inconsistency between substrata and fish relationships on coral reefs reported in 
the literature may also be due to diverse methodologies and spatial sampling scales 
(Chabanet et al. 1997). A more quantitative method of assessing the coral cover or 
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abundance of corals than the method I employed here may be required. The method I 
used was a visual assessment of cover; while inexpensive, it is subject to observer bias. 
Costly, but reliable underwater video-transects have helped to alleviate observer bias in 
other studies (Syms and Jones 2001).  
Conclusion 
My study at San Salvador, Bahamas, partially supports previous studies at other 
locations, which showed that live coral cover and coral species richness/diversity may 
potentially influence the distribution and abundance of reef fishes at patch reefs. 
However, the degree to which these relationships may exist merits further inquiry. The 
majority of significant relationships between fish and coral variables I observed at a 
disturbed reef location, Rice Bay. Relationships were weak, non-existent, or even 
negative in locations of higher coral cover (e.g., Lindsay Reef). 
Implications of relationships between the fish and coral communities include use 
of coral as a food source by fish, fish dependence on organisms requiring coral as food or 
habitat, or use of coral colonies as shelter (microhabitat) by fishes. Furthermore, fish 
dependence on corals also carries implications that fish prefer coral as habitat and may 
select regions of higher coral cover during settlement. 
Monitoring of the coral assemblages by McGrath and Smith (1998, 2001) has led 
to a data set showing trends in San Salvador's coral populations. The sheer variability in 
these communities requires intense long-term investigation if meaningful conclusions are 
to be reached. The same is required to study fish assemblages in these patch reef systems. 
From research we have learned that patch reefs exhibit a great deal of variability in terms 
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of diversity and abundance of corals, other invertebrates, and fishes. A solid, long-term 
monitoring program of reef fish assemblages within San Salvador's patch reefs would 
allow the estimation of trends in species abundance, diversity and richness, and may 
facilitate prediction of changes in the fish and coral communities in the future. 
Coral reef communities continue to challenge our abilities to understand 
ecological processes that determine patterns of coexistence (Caley and St. John 1996). 
Despite conflicting results in the literature, it appears that some relationships exist 
between the patch reef coral and fish assemblages at San Salvador, Bahamas. With 
continued refinement of methods and long-term data sets, a greater understanding of 
these relationships and their variations in differing geographic locations can be gained. 
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Table 1. Summary of attributes from three patch reefs on San Salvador, Bahamas, from 
McGrath and Smith (2001) .  Ma = Montastrea annularis, Pa = Porites asteroides, Ff = 














Table 2. Scales of cover for determining quantities of algae and coral (Ormond et al. 
1996). 
Modified scale classes for extent of cover 
1 .  < 0. 1 %  
2. 0. 1 - 1% 
3.  1 - 10% 
4. 1 1 - 25% 
5 .  26 - 50% 
6. 5 1 - 75% 
7. 76 - 90% 
8 .  91 - 100% 
9. 100% 
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leaf, plate, saucer 
branching, pillar 







Table 4. Coral species, taxonomic affiliations, and proportional cover values (%) 
recorded at Rice Bay, Rocky Point, and Lindsay Reef, San Salvador, Bahamas. 




Millepora alcicomis branching fire 2.44 0.24 0.38 






Acropora palmata elkhorn 0 0.02 0 
Fungiida 
Agariciidae 
Agaricia agarcites lettuce 0.78 3.70 4.38 
Poritidae 
Porites asteroides mustard hill 6.04 22.39 13 .98 
Porites brannneri finger 0.28 0.25 0 
Porites porites finger 2.61 2.08 4.01 
Porites porites divaricata finger 0 0. 1 1  0.29 
Porites porites furcata finger 0 0. 1 1  0.08 
Siderastreidae 
Siderastrea siderea greater starlet 0.83 0.25 0. 17 
Siderastrea radians lesser starlet 3.66 0.74 0.17 
Caryophylliida 
Caryophyllidae 
Eusmilia fastigiata smooth flower 0.61 0 0 
Faviida 
Faviidae 
Diploria clivosa knobby brain 4.44 1 .81  0.08 
Diploria labyrinthiformes grooved brain 0 2.82 0.42 
Diploria strigosa symmetrical brain 3.38 2.33 2.77 
Faviafragrum goltball 3.33 1 . 14 1 .26 
Manicina areolata rose 5 . 1 0  0 0.86 
Montastrea annularis lobed star 3 .99 4.37 24.81  
Montastrea cavernosa cavernous star 0.33 0 0.02 
Montastrea faveolata mountainous star 3.33 0 0 
Meandrinidae 
Dichocoenia stokesii elliptical star 2.99 0. 13 0.7 1 
Mussidae 
Isophyllia sinuosa sinuous cactus 0 0 0.54 
Mussa angulosa spiny flower 0 0 0.60 






Briareum asbestinum corky sea finger 6.26 1 . 15 1 .25 
Anthothelidae 
Erythropodium caribaeorum carpet gorgonian 0.67 0.47 2.57 
Holaxonia 
Plexauridae 
Eunicea calyculata warty sea rod 1 .44 0.47 0 
Eunicea mammosa swollen-knob sea rod 2.16 4.61 2.27 
Eunicea succinea shelf-knob sea rod 2.61 0. 18  0 
Plexaura flexuosa bent sea rod 0 0.38 0 
Plexaura homomalla black sea rod 8.20 12.61 13.02 
Plexaurella spp. slit-pore sea rod 1 .72 0. 1 1  4.01 
Pseudoplexaura spp. porous sea rod 15.97 7.84 2.19 
Gorgoniidae 
Pseudopterogorgia spp. sea plumes 4.55 6. 14 0.67 
Gorgonia flabellum venus sea fan 0.78 7.94 8.52 
Gorgonia ventalina common sea fan 10.20 12.46 5 .02 
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Table 5. Data collected from coral and fish assemblages from 48 belt-transects at three 
patch reef systems of San Salvador, Bahamas. Tests were not performed on 
pomacentrids, piscivores, planktivores, and detritivores due to low counts. P-values are 
Bonferroni corrected for number of tests. 
Rice Ba� Rock;r Point Lindsal Reef 
Mean SE Mean SE Mean SE p 
Coral Species Richness 1 1 .9 1 . 17 14.3 0.67 14.6 0.5 1 0. 197 
Scleractinia 7.0 0.56 7.6 0.40 8 . 1  0.53 0.330 
Gorgonia 4.4 0.64 5.9 0.49 5.8 0.28 0.121  
Shannon H' 1 .61 0. 17 1 .92 0.06 1 .93 0.07 0.841 
Equitability E 0.69 0.06 0.73 0.02 0.98 0.09 0.000 
Rugosity 0.16 0.03 0.28 0.03 0.41 0.05 0.000 
Algae Cover 60.3 0.78 46.7 0.58 48.9 0.27 0.000 
Total Coral Cover 2.8 0.66 8.7 1 .07 8. 1 0.59 0.000 
Scleractinia 1 .2 0.27 3.7 0.54 4.7 0.40 0.000 
Gorgonacea 1 .5 0.47 4.7 0.79 3.2 0.52 0.000 
Milleporina 0. 1 0.04 0.3 0. 13  0.3 0.10 0.373 
Rice Ba;r Rock;r Point Lindsa� Reef 
Mean SE Mean SE Mean SE p 
Fish Species Richness 8.7 1 . 1  10.3 0.5 13.3 0.8 1 0.01 8  
Shannon H' 1 .72 0. 1 1 .7 1  0. 1 2 .1  0.07 0.099 
Equitability E 0.57 0.0 0.74 0.0 0.55 0.02 0.000 
Fish Counts (50 m'2) 23.0 3.2 45.6 1 .7 47. 1  4.4 0.000 
Labridae 10.3 1 .5 22.2 1 .7 1 8.9 1 .8  0.000 
Acanthuridae 4.7 0.7 8.5 0.8 5.5 0.8 0.027 
Scaridae 2.8 0.7 4.9 1 .0 10.6 0.9 0.000 
Pomacentridae 1 .4 0.3 3.0 0.4 2.2 0.6 No test 
Invertivores 15.4 2.6 26.5 1 .7 29.7 3.6 0.009 
Herbivores 9. 1 1 .3 17.8 1 .3 19.3 2.0 0.000 
Piscivores 3 . 1  0.7 1 .4 0.4 2.5 0.7 No test 
Planktivores 0.3 0. 1 0.4 0.2 0.4 0.2 No test 
Detritivores 0.2 0. 1 1 .3 0.3 1 .3  0.4 No test 
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Table 6. Percent abundances of reef fish species surveyed at Rice Bay, Rocky Point, and 
Lindsay Reef. Feeding guilds: I =  Invertivores, H = Herbivores, Pi = Piscivores, PL = 
Planktivores, C = Corallivores, D = Detritivores. 
Taxonomic affilitation Diet Rice Bai Rocky Point Lindsai Reef 
Atheriniformes 
Atherinidae 
Atherinomorus stipes hard-head silverside PL 0 2.2 0 
Beryciformes 
Holocentridae 
Holocentrus rufus squirrelfish I 0.5 0 0.3 
Gasterosteiformes 
Aulostomidae 




Cephalopholis cruentata grays by Pi, I 0.3 0 0.1  
Cephalopholis fulvus coney Pi, I 0 0.9 2 .1  
Epinephelus guttatus red hind Pi, I 0.3 0 0.4 
Mycteroperca tigris tiger grouper Pi 0.3 0 0. 1 
Rypticus saponaceus soapfish I 0.3 0 0 
Grammatidae 
Gramma Loreto fairy basslet I 0.8 0. 1 1 .5 
Priacanthidae 
Heteropriacanthus cruentatus glasseye snapper Pi, I 0 0 0. 1 
Malacanthidae 
Malacanthus plumieri sand tilefish Pi, I 0.3 0 0 
Carangidae 
Caranx ruber bar jack Pi, I 1 . 1  0 1 .5 
Lutjanidae 
Lutjanus apodus schoolmaster Pi, I 0.3 0. 1 0. 1 
Gerreidae 
Gerres cinereus yellowfin mojarra I 0.3 0 0.4 
Haemulidae 
Haemulon sciurus bluestriped grunt Pi, I 0.8 0 0.3 
Mullidae 
Mulloidichthys martinicus yellow goatfish I 0 0.6 0.7 
Pseudupeneus maculatus spotted goatfish I 2.7 0.1  1 .5 
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Kyphosidae 
Kyphosus sectatrix chub H, I 1 . 1  1 .8 2. 1 
Chaetodontidae 
Chaetodon capistratus four-eye butterfly C, I 0.3 0 0.4 
Chaetodon ocellatus spotfin butterfly C, I 0.3 0 0 
Chaetodon striatus banded butterfly C, I, PL 1 . 1  0.6 0.5 
Pomacanthidae 
Holocanthus tricolor rock beauty I 0 0 0. 1 
Pomacentridae 
Chromis cyaneus blue chromis PL 0 0.3 0.4 
Microspathodon chrysurus yellowtail damsel H, I 0 1 .3  0 
Stegastes dorsopunicans dusky damsel H, D 0.8 3 2.7 
Stegastes leucostictus beau gregory H, I 4. 1 0.3 0.4 
Stegastes planifrons threespot damsel H, I 0 0.3 0.1 
Stegastes diencaeus longfin damsel H 0 0 0.1  
Stegastes variabilis cocoa damsel H, I 1 . 1  1 .9 0.9 
Labridae 
Bodianus rufus spanish hagfish I 0.3 0.3 0. 1 
Halichoeres bivattatus slippery dick Pi, I 10 2.4 0.3 
Halichoeres garnoti yellowhead I 0.8 1 .3  2.5 
Halichoeres maculipinna clown wrasse I 0.8 1 .2 0 
Halichoeres radiatus puddingwife I 0.8 2.2 2.3 
Thalassoma bifasciatum bluehead I 3 1 .7 45. 1  34.9 
Scaridae 
Scaridae sp. UNID parrotfish H 1 . 1  0 2.5 
Scarus croicensis striped parrotfish H 4.6 3.7 10.4 
Scarus taeniopterus princess parrotfish H 0 0.4 0.3 
Scarus vetula queen parrotfish H 0 0.4 0. 1 
Sparisoma aurofrenatum redband parrotfish H 1 . 1  1 .6 2. 1 
Sparisoma rubripinne yellowtail parrotfish H 0 0.3 0.1  
Sparisoma viride stoplight parrotfish H 5 . 1  5.2 6.9 
Clinidae 
Malacoctenus macropus rosy blenny I 0.3 0 0 
Malacoctenus triangulatus saddled blenny I 2.4 0.3 3.3 
Blenniidae 
Blenniidae sp. UNID blenny I 0 0 0.1 
Ophioblennius atlanticus red-lip blenny I 0 1 .5 0 
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Gobiidae 
Coryphopterus glaucofraenum bridled goby I 1 . 1  0 1 .6 
' 
Gnatholepis thompsoni goldspot goby I 0 0 0. 1 
Gobiosoma genie cleaning goby I 0 0 2.8 
Acanthuridae 
Acanthurus bahianus ocean surgeon H 14.4 10.9 6.2 
Acanthurus coeruleus blue tang H 6 9.2 5 
Pleuronectiformes 
Bothidae 
Bothus lunatus peacock flounder Pi, I 0 0 0. 1 
Tetraodontiformes 
Ostraciidae 
Lactophrys bicaudalis spotted trunkfish I 0 0 0. 1 
Lactophrys trigonus honeycomb cowfish I 0.3 0 0 
Lactophrys triqueter smooth trunkfish I 0 0. 1 0 
Tetraodontidae 
Canthigaster rostrata sharp-nosed puffer H, I 2.4 0.1  0.9 
5 1  
Table 7. Pearson correlation coefficients (r) calculated for fish variables and coral 
variables. Bold numbers indicate correlations strong enough (r ,;::: 0.5) to be tested for 
significance. SC = scleractinian cover, MC = hydrocoral cover, GC = gorgonian cover, 
TC = total coral cover, N = abundance, S = species richness, H = Shannon index, E = 
Equitability index. ***P :::; 0.001, **P ::5 0.01, *P :::; 0.05; all others not significant 
following Bonferroni a correction. NI not an independent relationship. 
Rice Ba 
sc MC GC TC Coral S Coral H Coral E Algae 
Fish N 0.551 0.076 0.483 0.577 0.592 0.531 0.214 -0.412 
Fish S 0.543 0.126 0.502 0.591 0.553 0.738 0.529 -0.437 
Fish H 0.415 0.195 0.417 0.48 1 0.408 0.861** 0.837 NI -0.366 
Fish E 0. 145 0.248 0.244 0.25 1 0.091 0.709NI 0.946*** -0.223 
Rocky Point 
sc MC GC TC Coral S Corai H Coral E Algae 
Fish N 0.419 0.058 0.562 0.629* 0.596* 0.276 -0.092 -0.494 
Fish S -0.332 0.368 0.059 -0.077 0.332 0.366 0. 188 0.086 
Fish H -0.382 0.510 0.269 0.069 0.386 0.254 0.044 -0.023 
Fish E -0.3 16  0.48 1 0.363 0. 167 0.33 1 0.094 -0.092 -0. 1 1 8  
Lindsay Reef 
sc MC GC TC Coral S Coral H Coral E Algae 
Fish N 0. 106 0.213  0.028 0. 137 0.225 -0. 1 32 -0. 189 -0.023 
Fish S 0. 146 0.208 -0.605* -0.392 0.296 -0. 147 0. 190 0.381  
Fish H -0.038 0. 193 -0.539* -0.465 0.347 -0.033 0.278 0.428 
Fish E -0. 156 0.043 -0.580 ·0.610 0.095 0. 1 14 0.466 0.534 
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Table 8. SummarJs of CCA of fish species and coral variables for Rice Bay and Lindsay 
Reef. *P � 0.05, s not significant, by Monte Carlo test. Coral H' = Shannon Index, Coral 
E = Equitability index. See Table 3 for coral codes. 
Axes 
Rice Ba! 1 2 3 
Final scores for fish species 
Canthigaster rostrata - 1 .407 0.3 16 -0.639 
Pseudupeneus maculatus -0.816  -0.361 -0.5009 
Halichoeres bivittatus 0.801 0.221 -0.087 
Sparisoma viride -0.491 0.602 0.675 
Scarus croicensis -0.445 -0. 194 0.488 
Acanthurus coeruleus -0.368 0.017 -0. 157 
Coral variables correlated with ordination axes 
Coral H' -0.677 -0.273 0.282 
LPS -0.67 0.06 -0.53 1  
BP -0.662 0. 1 13 0.229 
Summary for ordination axes 
Species-environment correlations (r) 0.998* 0.983NS 0.9 1 1NS 
Cumulative variance (%) 
Species data 3 1 .6 49. 1 63.5 
Lindsa! Reef 1 2 3 
Final scores for fish species 
Kyphosus sectatrix -2.709 -0.553 -0.661 
Gobiosoma genie -0.68 0. 104 0.604 
Malacoctenus triangulatus -0.668 0. 186 0.489 
Unidentified juvenile scarid 0.655 - 1 .423 0.53 1 
Stegastes fuscus 0.595 -0. 1 3 1  -0.554 
Sparisoma aurofrenatum 0.557 -0. 167 - 1 . 141 
Coral variables correlated with ordination axes 
EG -0.883 -0.149 -0.262 
FL -0.792 -0.245 -0.272 
SF -0.563 -0. 1 1  0.49 
Coral -£ 0.227 -0. 162 -0.532 
Summary for ordination axes 
Species-environment correlations (r) 0.998* 0.888NS 0.993* 
Cumulative variance (%) 
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Figure 2. Percent live scleractinian, gorgonian, and hydrocoral cover for 













Carangidae - Rice Bay 
- Rocky Point 
Chaetodontidae - Lindsay Reef 
0 10 20 30 40 50 
Relative abundance (%) 
Figure 3. Relative abundance of fish families displaying greater than I %  relative 
abundance on three patch reefs of San Salvador, Bahamas. 
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Labridae Acanthuridae Scaridae Pomacentridae 
Family 
Figure 4. Mean counts of fishes partitioned among the four most abundant 
families for three patch reefs of San Salvador, Bahamas. Error bars indicate 1 SE. 
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Figure 5. Relative abundance of wrasses from three patch reefs of San Salvador, Bahamas. 
BR = Bodianus rufus, TB = Thalassoma bifasciatum, HR = Halichoeres radiatus, HM = 
Halichoeres maculipinna, HG = Halichoeres garnoti, HB = Halichoeres bivittatus. 
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Figure 6. Relative abundance of  parrotfishes from three patch reefs of  San Salvador, Bahamas. 
SVR = Sparisoma viride, SR = Sparisoma rubiprinne, SA = Sparisoma aurofrenatum, SVT = 
Scarus vetula, ST = Scarus taeniopterus, SC = Scarus croicensis, UniD = unidentifiable juvenile. 
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Figure 7. Relative abundances of damselfishes from three patch reefs of San Salvador, 
Bahamas. SV = Stegastes variabilis, SS = Stegastes sp., SP = Stegastes planifrons, SL = 
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Figure 8. Mean counts of reef fishes among feeding guilds from three patch reefs 
of San Salvador, Bahamas. Error bars represent 1 SE. 
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Figure 9. CCA plot of fish species and coral variables at Rice Bay, San Salvador, 
Bahamas. Coral variables: BP = branching/pillar scleractinian cover, LPS = 
leaf/plate/saucer scleractinian cover, Coral H = Shannon index. Fish species: Ca ro = 
Canthigaster rostrata, Th bi = Thalassoma bifasciatum, Ac ba = Acanthurus bahianus, 
Ac co = Acanthurus coeruleus, Sc cr = Scarus croicensis, Ps rna = Pseudupeneus 
maculatus, Ha bi = Halichoeres bivittatus, Sp vi = Sparisoma viride, St va = Stegastes 
variabilis, St do = Stegastes dorsipucans, Ma tr = Malacoctenus triangulates. 
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Figure 10. CCA plot of fish species and coral variables at Lindsay Reef, San Salvador, 
Bahamas. Coral variables: SF = sea fan cover, EG = encrusting gorgonian cover, FL = 
fleshy scleractinian cover, Coral E = Equitability index. Fish species: Ky se = Kyphosus 
sectatrix, Ca ro = Canthigaster rostrata, Th bi = Thalassoma bifasciatum, Ac ba = 
Acanthurus bahianus, Ac co = Acanthurus coeruleus, Ce fu = Cephalopholisfulvus, Ps 
rna = Pseudupeneus maculatus, Go ge = Gobiosoma genie, Ha ga = Halichoeres gamoti, 
Ha ra = Halichoeres radiatus, Sc cr = Scarus croicensis, Sp vi = Sparisoma viride, Sp au 
= Sparisoma aurofrenatum, St fu = Stegastes fuscus, ST do = Stegastes dorsipucans, Ma 
tr = Malacoctenus triangulates, Gr lo = Gramma loreto, Co gl = Coryphopterus 
glaucofraenum, UniD Sc = unidentified juvenile scarid. 
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Appendix 1 :  Coral Community Analysis 
Reefs: 1 = Rice Bay, 2 = Rocky Point, 3 = Lindsay Reef 
la. Non-parametric test for differences in total coral species richness. 
Kruskai-Wallis Test: Coral S versus Reef 
Reef N Median Ave Rank z 
1 1 6  12 . 0 0 19 . 6  - 1 . 7 2 
2 1 6  14 . 5 0 2 5 . 7  0 . 4 0 
3 1 6  14 . 0 0 2 8 . 3  1 .  3 1  
Overall 48 2 4 . 5  
H 3 . 2 2 OF 2 p 0 . 2 0 0  
H 3 . 2 5  DF 2 p 0 . 1 9 7  ( adj us ted for ties ) 
lb. Parametric test for differences in scleractinian species richness. 
One-way ANOVA: SC S versus Reef 
Source DF SS MS 
Reef 2 9 . 0 4 4 . 5 2 
Error 4 5  1 7 8 . 8 8 3 . 9 8 






1 6  
1 6  
1 6  
Mean 
7 . 0 0 0  
7 . 5 6 3  
8 . 0 6 3  
StDev 
2 . 2 2 1  
1 .  5 9 0  
2 . 11 2  
F 
1 . 1 4 
p 
0 . 3 3 0  
Individual 9 5 %  Cis For Mean 
Based on Pooled StDev 
- + - - - - - - - - - + - - - - - - - - - + - - - - - - - - - + - - - - ­
( - - - - - - - - - * - - - - - - - - - )  
( - - - - - - - - - * - - - - - - - - - )  
( - - - - - - - - - * - - - - - - - - - )  
- +- - - - - - - - - + - - - - - - - - - + - - - - - - - - - + - - - - -
Pooled StDev = 1 .  9 9 4  6 . 0  7 . 0  8 . 0  9 . 0  
lc. Non-parametric test for differences in gorgonian species richness. 
Kruskai-Wallis Test: GC S versus Reef 
Reef N Median Ave Rank z 
1 1 6  4 . 0 0 0  1 9 . 0  - 1 . 9 1 
2 1 6  6 . 5 0 0  2 8 . 7  1 .  4 8  
3 1 6  6 . 0 0 0  2 5 . 8  0 . 4 4 
Overall 48 2 4 . 5  
H 4 . 02 DF 2 P 0 . 1 3 4  
H 4 . 2 2 DF 2 P 0 . 12 1  ( adj us ted for ties ) 
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ld. Non-parametric test for differences in species diversity. 
Kruskai-Wallis Test: Cor Shan (H) versus Reef 
Ree f N Median Ave Rank Z 
1 1 6  1 . 9 5 7  2 2 . 9  - 0 . 5 7 
2 1 6  1 . 9 8 0  2 5 . 7  0 . 42 
3 16 1 . 8 8 8  2 4 . 9  0 . 1 5 
Overall 4 8  2 4 . 5  
H = 0 . 3 5  DF = 2 P 0 . 8 4 1  
le. Non-parametric for differences in species equitability. 
Kruskai-Wallis Test: Cor Equ (E) versus Reef 
Reef N Median Ave Rank Z 
1 1 6  0 . 7 4 2 3  2 0 . 1  - 1 . 5 3 
2 1 6  0 . 7 4 6 4  1 6 . 8  -2 . 6 9 
3 1 6  0 . 8 6 8 8  3 6 . 6  4 . 2 2  
Overal l 4 8  2 4 . 5  
H = 1 8 . 2 6  DF 2 p = 0 . 0 0 0  
Nemen�i Test 
Comearison Rl R2 Rl-R2 SE 
1 VS 2 268.8 321 .6 -52.8 56 
1 vs 3 585.6 321 .6 264 56 





lf. Non-parametric test for differences in total coral cover. 
One-way ANOVA: Total coral cover versus Reef 
Source DF SS MS F P 
Ree f 2 0 . 2 0 0 9 6  0 . 1 0 0 4 8  2 2 . 7 3 0 . 0 0 0  
Error 4 5  0 . 1 9 8 9 6  0 . 0 0 442 





Individual 9 5 %  C i s  For Mean 





N Mean Reef S tDev -+ - - - - - - - - -+ - - - - - - - - -+ - - - - - - - - - + - - - - -
1 6  0 . 1 5 2 0 6  1 0 . 0 7 7 0 3  ( - - - - * - - - - - ) 
1 6  0 . 2 9 2 2 8  2 0 . 0 7 2 7 1  ( - - - - - * - - - - ) 
1 6  0 . 2 8 6 1 6  3 0 . 0 4 5 2 2  ( - - - - - * - - - - )  
- + - - - - - - - - - + - - - - - - - - - + - - - - - - - - - + - - - - -
Pooled StDev = 0 . 0 6 6 4 9  0 . 12 0  0 . 1 8 0  0 . 2 4 0  0 . 3 0 0  
Tukey ' s  pairwise comparisons 
Family error rate 
Individual error rate 
Critical value = 3 . 4 3  
0 . 0 5 0 0  
0 . 0 1 9 4  
Intervals for ( column level mean) - ( row level mean) 
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1 2 
2 - 0 . 1 9 7 2 3  
- 0 . 0 8 3 2 0 
3 - 0  . 1 9 1 12 - 0 . 0 5 0 9 0  
- 0 . 0 7 7 0 8  0 . 0 6 3 14 
lg. Parametric test for differences in scleractinian coral cover. 
One-way ANOVA: ASIN_SC versus Reef 
Source DF SS MS F p 
0 . 0 0 0  Reef 2 0 . 1 1 4 2 0  0 . 0 5 7 1 0  2 7 . 3 3 
Error 4 5  0 . 0 9 4 0 2  0 . 0 0 2 0 9  
Total 4 7  0 . 2 0 8 2 2  
Reef N Mean 
1 1 6  0 . 0 9 9 9 4  
2 1 6  0 . 1 8 7 0 2  
3 1 6  0 . 2 1 4 3 3  
Pooled StDev = 0 . 0 4 5 7 1  
StDev 
0 . 0 4 4 3 8  
0 . 0 5 1 82 
0 . 0 4 0 1 7  
Tukey ' s  pairwise comparisons 
Family error rate 
Individual error rate 
Critical value = 3 . 43 
0 . 0 5 0 0  
0 . 0 1 9 4  
Individual 9 5 %  Cis For Mean 
Based on Pooled StDev 
- - - - - + - - - - - - - - - + - - - - - - - - - + - - - - - - - - - + -
( -- - - * - - - - )  
( - - - * - - - - )  
( - - - - * - - - )  
- - - - - +- - - - - - - --+ - - - - - - - - - + - - - - - - - - -+-
0 . 1 0 0  0 . 1 5 0  0 . 2 0 0  0 . 2 5 0  
Intervals for ( column level mean) - ( row level mean) 
1 
2 - 0 . 12 6 2 7  
- 0 . 047 8 8  
3 - 0 . 1 5 3 5 8  
- 0 . 0 7 5 1 9  
2 
- 0 . 0 6 6 5 1  
0 . 0 1 1 8 9  
lh. Parametric test for differences in hydrocoral cover. 
One-way ANOVA: Asin_MC versus Reef 
Source DF SS MS F p 
0 . 3 7 3  Ree f 2 0 . 0 0 2 6 2  0 . 0 0 1 3 1  1 . 0 1 
Error 4 5  0 . 0 5 8 52 0 . 0 0 1 3 0  
Total 47 0 . 0 6 1 14 
Ree f N Mean 
1 1 6  0 . 0 1 9 8 7  
2 1 6  0 . 03 6 2 9  
3 1 6  0 . 0 3 4 6 7  
Pooled StDev = 0 . 0 3 6 0 6  
Individual 9 5 %  C i s  For Mean 
Based on Pooled StDev 
StDev - - - - - - - - - +- - - - - - - - - + - - - - - - - - - + - - - - - - -
0 . 0 2 6 7 1  ( - - - - - - - - - - - * - - - - - - - - - - - )  
0 . 0 4 0 9 6  ( - - - - - - - - - - - * - - - - - - - - - - - )  
0 . 0 3 8 8 5  ( - - - - - - - - - - - * - - - - - - - - - - - ) 
- - - - - - - - -+ - - - - - - - - - + - - - - - - - - - + - - - - - - -
0 . 0 1 5  0 . 0 3 0  0 . 0 4 5  
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li. Parametric test for differences in mean gorgonian cover. 
One-way ANOVA: Asin_GC versus Reef 
Source DF SS MS F p 
0 . 0 0 0  Reef 2 0 . 0 9 1 7 9  0 . 0 4 5 9 0  9 . 43 






4 7  
N 
1 6  
1 6  
1 6  
Pooled StDev = 
0 . 3 1 0 8 5  
Mean 
0 . 1 0 2 6 6  
0 . 2 0 84 4  
0 . 1 7 0 17 
0 . 0 6 9 7 7  
StDev 
0 . 0 7 3 2 3  
0 . 07 2 8 1  
0 . 0 62 7 6  
Tukey ' s  pairwise comparisons 
Family error rate 
Individual error rate 
Cri tical value = 3 . 4 3 
0 . 0 5 0 0  
0 . 0 1 9 4  
Individual 9 5 %  Cis For Mean 
Based on Pooled StDev 
- - - - - - -+ - - - - - - - - -+ - - - - - - - - -+ - - - - - - - - -
( - - - - - - * - - - - - - )  
( - - - - - - * - - - - - - ) 
( - - - - - - * - - - - - - ) 
- - - - - - - + - - - - - - - - - +- - - - - - - - - + - - - - - - - - -
0 . 1 0 0  0 . 1 5 0  0 . 2 0 0  
Intervals for ( column level mean) - ( row level mean) 
1 
2 - 0 . 1 6 5 6 1  
- 0 . 0 4 5 9 5  
3 - 0 . 12 7 3 4  
- 0 . 0 0 7 6 8  
2 
- 0 . 0 2 1 5 6  
0 . 0 9 8 1 0  
lj. Parametric test for differences in  mean rugosity cover. 
One-way ANOVA: Rug versus Reef 
Source DF SS MS 
Ree f 2 0 . 3 2 0 1  0 . 1 6 0 1  
Error 2 7  0 . 3 6 4 0  0 . 0 1 3 5  
Total 2 9  0 . 6 84 1  
Reef N Mean 
1 1 0  0 . 1 5 9 0  
2 1 0  0 . 2 8 2 0  
3 1 0  0 . 4 1 2 0  
Pooled StDev = 0 . 1 1 6 1  
StDev 
0 . 0 9 2 3  
0 . 1 0 6 3  
0 . 1 4 3 6  
Tukey ' s  pairwise comparisons 
Fami ly error rate 
Individual error rate 
Critical value = 3 . 5 1 
0 . 0 5 0 0  
0 . 0 1 9 6  
F 
1 1 . 8 7 
p 
0 . 0 0 0  
Individual 9 5 %  C i s  For Mean 
Based on Pooled StDev 
- - - - + - - - - - - - - - + - - - - - - -- - + - - - - - - - - - + - -
( - - - - - * - - - - - - )  
( - - - - - - * - - - - - )  
( - - - - - * - - - - - - ) 
- - - - +- - - - - - - - - + - - - - - - - - - + - - - - - - - - - + - -
0 . 12 0 . 2 4  0 . 3 6 0 . 4 8 
Intervals for ( column Reef mean) - ( row Reef mean ) 
1 2 
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2 - 0 . 2 5 19 
0 . 0 0 5 9  
3 - 0 . 3 8 1 9  
- 0 . 1 2 4 1  
- 0 . 2 5 8 9  
- 0 . 0 0 1 1  
lk. Non-parametric s test for differences in algae cover. 
Kruskai-Wallis Test: Asin_AC versus Reef 
Ree f N Median Ave Rank z 
1 1 6  0 . 9 0 1 2 4 0 . 5  5 . 6 0 
2 1 6  0 . 7 5 4 1  1 1 . 8  -4 . 4 4 
3 1 6  0 . 7 7 2 9  2 1 . 2  - 1 . 1 6 
Overall 48 2 4 . 5  
H = 3 4 . 9 3 DF = 2 p 0 . 0 0 0  
H 3 5 . 5 9 DF 2 p 0 . 0 0 0  ( adjus ted for ties ) 
Nemenyi Test 
Com�arison Rl R2 Diff SE fJ. 
1 v 2 188.8 648 -459.2 56 -8.2 
1 v 3 339.2 648 -308.8 56 -5.5142857 




3 . 3 14 yes 
3.3 14 no 
Appendix 2: Fish Community Analysis 
Reefs: 1 = Rice Bay, 2 = Rocky Point, 3 = Lindsay Reef 
2a. Non-parametric test for differences in species richness of fishes. 
Kruskai-Wallis Test: Fish S versus Reef 
Ree f N Median Ave Rank z 
1 1 6  7 . 5 0 0  1 6 . 9  - 2 . 6 6 
2 1 6  1 0 . 0 0 0  2 2 . 8  - 0 . 6 1 
3 1 6  1 3 . 0 0 0  3 3 . 8  3 . 2 7 
Overall 48 2 4 . 5  
H 12 . 0 8 DF 2 p 0 . 0 0 2  
H 12 . 1 9 DF = 2 p 0 . 0 0 2  ( adj us ted for t ies ) 
Nemenyi Test 
Com(!arison Rl R2 Diff SE lJ. q_-crit Difference 
1 v 3 540.8 270.4 270.4 56 4.82857 14 3.3 14 yes 
1 v 2 270.4 364.8 -94.4 56 -1 .6857143 3.3 14 no 
2 v 3  540.8 364.8 176 56 3 . 1428571 3.3 14 no 
2b. Parametric test for differences in species diversity of reef fishes. 
One-way ANOVA: Fish H versus Reef 
Source DF ss MS F p 
Ree f 2 1 .  6 1 0  0 . 8 0 5  4 . 9 5 0 .  0 1 1  
Error 4 5  7 . 3 1 9  0 . 1 6 3  
Total 47 8 . 92 8  
Individual 9 5 %  C i s  For Mean 
Based on Pooled StDev 
Reef N Mean StDev - - - - - - - - - - + - - - - - - - - - + - - - - - - - - - + - - - - - -
1 1 6  1 .  7 1 6 0  0 . 5 7 7 6  
2 1 6  1 .  7 0 7 9  0 . 2 7 0 5  
3 1 6  2 . 10 0 3  0 . 2 84 9  
Pooled StDev = 0 . 4 0 3 3  
Tukey ' s  pairwise comparisons 
Family error rate 0 . 0 5 0 0  
Individual error rate = 0 . 0 1 9 4  
Critical value = 3 . 4 3 
( - - - - - - - * - - - - - - - )  
( - - - - - - - * - - - - - - - ) 
( - - - - - - - * - - - - - - - )  
- - - - - - - - - - + - - - - - - - - - + - - - - - - - - - + - - - - - -
1 .  7 5  2 . 0 0 2 . 2 5 
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Intervals for ( column ree f mean) - ( row reef mean) 
1 2 
2 - 0 . 3 3 7 8  
0 . 3 5 3 8  
3 - 0 . 7 3 0 2  
- 0 . 0 3 8 6  
- 0 . 7 3 8 2  
- 0 . 0 4 6 6  
2c. Non-parametric test for differences in species equitability of reef fishes. 
Kruskai-Wallis Test: Fish E versus Reef 
Ree f  N Median Ave Rank z 
1 1 6  0 0 6 1 1 4  2 1 . 4  - 1 . 0 7 
2 1 6  0 0 7 2 2 1  3 7 . 7  4 . 6 1 
3 1 6  0 . 5 4 9 4  1 4 . 4  -3 . 5 4 
Overa l l  4 8  2 4 . 5  
H = 2 3 . 3 3 DF 2 p = 0 . 0 0 0  
Nemen�i Test 
Com�arison Rl R2 Diff SE lJ.. lj_-crit Difference 
1 v 2 603.2 342.4 260.8 56 4.6571429 3 .314 yes 
1 v 3  230.4 342.4 - 1 12 56 -2 3.314 no 
2 v 3  230.4 603.2 -372.8 56 -6.6571429 3.314 �es 
2d. Non-parametric test for differences in counts of reef fishes. 
Kruskai-Wallis Test: Fish N versus Reef 
Reef N Median Ave Rank z 
1 1 6  1 9 . 0 0 1 1 . 7  - 4 . 4 8 
2 1 6  4 5 . 0 0 3 1 . 1  2 . 3 2 
3 1 6  4 8 . 0 0 3 0 . 7  2 . 17 
Overal l 4 8  2 4 . 5  
H = 2 0 . 1 1 DF = 2 p 0 . 0 0 0  
H = 2 0 . 13 DF 2 p 0 . 0 0 0  ( adj us ted for ties ) 
Nemen�i Test 
Com�arison Rl R2 Diff SE lJ.. lJ..·Crit Difference 
1 v 2 497.6 187.2 3 10.4 56 5.5428571 3 .314 yes 
1 v 3 491 .2 187.2 304 56 5.42857 14 3.314 yes 
2 v 3  49 1 .2 497.6 -6.4 56 -0. 1 142857 3 .314 no 
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2e. Non-parametric test for differences in the counts of labrids. 
Kruskai-Wallis Test: Labridae N versus Reef 
Reef N Median Ave Rank z 
1 1 6  1 0 . 0 0 13 . 3  -3 . 9 0 
2 1 6  2 4 . 0 0 3 3 . 1  3 . 0 1 
3 1 6  1 5 . 5 0 2 7 . 1  0 . 9 0 
Overall 48 2 4 . 5  
H 1 6 . 7 2 DF 2 p 0 . 0 0 0  
H 1 6 . 8 0 DF 2 p 0 . 0 0 0  ( adj us ted for ties ) 
Nemenyi Test 
Com�arison Rl R2 Diff SE lJ.. q-crit Difference 
1 v 2 529.6 212.8 316.8 56 5.6571429 3.314 yes 
1 v 3 433.6 212.8 220.8 56 3.9428571 3.314 yes 
2 v 3  433.6 529.6 -96 56 - 1 .7 142857 3.314 no 
2f. Parametric test for difference in counts of acanthurids. 
One-way ANOVA: Acanthuridae N versus Reef 
Source DF ss MS F p 
Reef 2 1 3 3 . 8  6 6 . 9  6 . 6 5 0 . 0 0 3  
Error 4 5  4 5 2 . 9  1 0 . 1  
Total 47 5 8 6 . 7  
Individual 9 5 %  C i s  For Mean 
Based on Pooled StDev 
Reef N Mean StDev - - - - - + - - - - - - - - - + - - - - - - - - - + - - - - - - - - - + -
1 1 6  4 . 6 8 8  2 . 7 9 8  
2 1 6  8 . 5 0 0  3 . 3 6 7  
3 1 6  5 . 3 1 3  3 . 3 2 1  
Pooled StDev = 3 . 1 7 2  
Tukey ' s  pairwise comparisons 
Family error rate 
Individual error rate 
Critical value = 3 . 43 
0 . 0 5 0 0  
0 . 0 1 9 4  
( - - - - - - - * - - - - - - - ) 
( - - - - - - * - - - - - - - )  
( - - - - - - - * - - - - - - - )  
- - - - - + - - - - - - - - - + - - - - - - - - - + - - - - - - - - - + -
4 . 0  6 . 0  8 . 0  1 0 . 0  
Interva ls for ( column reef mean) - ( row reef mean ) 
1 2 
2 - 6 . 5 3 3  
3 
- 1 . 0 9 2  
- 3 . 3 4 5  
2 . 0 9 5  
0 . 4 6 7  
5 . 9 0 8  
7 1  
2g. Non-parametric test for differences in counts of scarids. 
Kruskai-Wallis Test: Scaridae N versus Reef 
Reef N Median Ave Rank z 
1 1 6  2 . 0 0 0  14 . 3  - 3 . 5 8 
2 1 6  4 . 0 0 0  2 1 . 2  - 1 . 1 5 
3 1 6  1 1 . 0 0 0  3 8 . 0  4 . 7 2  
Overall 4 8  2 4 . 5  
H 2 4 . 2 8 DF 2 p 0 . 0 0 0  
H 2 4 . 4 9 DF = 2 p 0 . 0 0 0  ( adj us ted for ties ) 
Nemen�i Test 
Com�arison Rl R2 Diff SE lJ. lJ.·Crit Difference 
1 v 2 339.2 228.8 1 10.4 56 1 .9714286 3.3 14 no 
1 v 3 608 228.8 379.2 56 .6.7714286 3 .314 yes 
2 v 3  608 339.2 268.8 56 4.8 3.3 14 yes 
2h. Non-parametric test for differences in counts of invertivores. 
Kruskai-Wallis Test: lnvertivores N versus Reef 
Reef N Median Ave Rank z 
1 1 6  1 3 . 5 0 1 3 . 7  - 3 . 7 8 
2 1 6  2 7 . 5 0 2 9 . 6  1 .  7 9  
3 1 6  2 4 . 0 0 3 0 . 2  1 .  9 9  
Overal l 4 8  2 4 . 5  
H 14 . 3 3 DF 2 p 0 . 0 0 1  
H 14 . 3 6 DF 2 p 0 . 0 0 1  ( adj us ted for ties ) 
Nemen�i Test 
Com�arison Rl R2 Diff SE lJ. lJ.·Crit Difference 
1 v 2 473.6 219.2 254.4 56 4.542857 1  3.3 14 yes 
1 v 3 483.2 219.2 264 56 4.7142857 3 .314 yes 
2 v 3  483.2 473.6 9.6 56 0.17 14286 3.314 no 
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2i. Parametric test for differences in counts of herbivores. 











4 5  
4 7  
N 
1 6  
1 6  
1 6  
Pooled StDev = 
ss 
9 7 5 . 9  
1 7 6 7 . 4  
2 7 4 3 . 3  
Mean 
9 . 0 6 3  
1 7 . 7 5 0  
1 9 . 3 1 3  
6 . 2 6 7  
MS 
4 8 7 . 9  
3 9 . 3  
StDev 
5 . 0 5 3  
5 . 3 2 3  
7 . 9 9 8  
Tukey ' s  pairwise comparisons 
Family error rate 
Individual error rate 
Critical value = 3 . 43 
0 . 0 5 0 0  
0 . 0 1 9 4  
F 
12 . 42 
p 
0 . 0 0 0  
Individual 9 5 %  C i s  For Mean 
Based on Pooled StDev 
- - - - - - - - - + - - - - - - - - - + - - - - - - - - - + - - - - - - -
( - - - - - * - - - - - )  
( - - - - - - * - - - - - )  
( - - - - - - * - - - - - )  
- - - - - - - - - + - - - - - - - - -+ - - - - - - - - - + - - - - - - -
1 0 . 0  1 5 . 0  2 0 . 0  
Intervals for ( column ree f mean) - ( row reef mean) 
1 
2 - 1 4 . 0 6 1  
- 3 . 3 1 4  
3 - 1 5 . 62 4  
- 4 . 8 7 6  
2 
- 6 . 9 3 6  
3 . 8 1 1  
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Appendix 3: Canonical Correspondence Analysis of Fish and Coral Variables 
3a. Rice Bay 
* * * * * * * * * * * * * * * * * * * * * *  Canonical Correspondence Analys i s  * * * * * * * * * * * * * * * * * * * * * *  
PC-ORD , Version 4 . 1 7 
2 1  Aug 2 0 0 2 , 1 8 : 5 7 
CCA Rice Bay 
DATA MATRICES 
Main matrix : 
1 6  samples 
11 species 
Second matrix : 
( rows ) 
( columns ) 
1 6  samples ( rows ) 
1 2  variable ( columns ) 
F ini shed reading data . 
OPTIONS SELECTED 
Axis s cores centered and standardi zed to uni t  variance 
Axes s caled to optimi z e  representat i on of co lumns : spec ies 
( Scores for species are weighted mean scores for samples 
Scores for graphing samples are l inear combina t i on� o f  variable 
Monte Carlo test : nul l  hypothe s i s  i s  no structure in 
main matrix and therefore no relationship between 
matrices 
Random number seed : 1 0  
RAW CORRELATIONS AMONG VARIABLES IN 
LPS 
Coral s Coral H 
Coral E 
LPS 1 .  0 0 0  
0 . 3 8 3  0 . 3 9 4  
0 . 2 1 3  
BP 0 . 3 6 5  
0 . 3 1 5  0 . 5 0 1  
0 . 3 1 8  
EMB 0 . 5 9 0  
0 . 6 6 1  0 . 4 2 6  
0 . 1 0 0  
FC - 0 . 5 2 8  
0 . 2 7 2  0 . 0 5 4  
- 0 . 1 5 9  
BRG 0 . 0 1 8  
0 . 6 9 2  0 . 4 8 0  
0 . 1 4 5  
BP 
Algae 
0 . 3 6 5  
- 0 . 1 8 4  
1 .  0 0 0  
- 0 . 1 0 4  
0 . 1 7 5  
- 0 . 6 7 1  
0 . 0 5 0  
- 0 . 2 4 1  
0 . 1 8 9  
- 0 . 7 9 3  
EMB 
0 . 5 9 0  
0 . 1 7 5  
1 .  0 0 0  
- 0 . 1 1 0  
0 . 3 3 9  
SECOND MATRIX 
FC BRG EG 
- 0 . 5 2 8  0 . 0 1 8  0 . 4 4 3  
0 . 0 5 0  0 . 1 8 9  - 0 . 1 6 8  
- 0 . 1 1 0  0 . 3 3 9  0 . 6 7 8  
1 .  0 0 0  0 . 4 9 1  - 0 . 2 9 6  
0 . 4 9 1  1 .  0 0 0  0 . 2 0 0  
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FR 
0 . 0 5 3  
- 0 . 1 6 7  
0 . 1 5 8  
- 0 . 2 2 7  
0 . 3 2 2  
SF 
0 . 3 0 4  
- 0 . 0 5 4  
0 . 4 1 7  
- 0 . 1 7 9  
0 . 4 2 7  
EG 0 . 4 4 3  - 0 . 1 6 8  0 . 6 7 8  - 0 . 2 9 6  
0 . 5 8 1  0 . 3 2 4  
0 . 0 4 5  - 0 . 5 6 0  
FR 0 . 0 5 3  - 0 . 1 6 7  0 . 1 5 8  - 0 . 2 2 7  
0 . 2 7 3  0 . 3 1 3 
0 . 1 9 1  - 0 . 5 3 5  
SF 0 . 3 0 4  - 0 . 0 5 4  0 . 4 17 - 0 . 1 7 9  
0 . 5 3 1  0 . 4 1 6  
0 . 1 7 6  - 0 . 7 0 4 
Coral s 0 . 3 8 3  0 . 3 1 5  0 . 6 6 1  0 . 2 7 2  
1 .  0 0 0  0 . 6 6 7  
0 . 0 44 - 0 . 7 1 7  
Coral H 0 . 3 94 0 . 5 0 1  0 . 42 6  0 . 0 5 4  
0 . 6 6 7  1 .  0 0 0  
0 .  7 1 2  - 0 . 4 9 7  
Coral E 0 . 2 1 3 0 . 3 1 8  0 . 1 0 0  - 0 . 1 5 9  
0 . 0 4 4  0 .  7 1 2  
1 .  0 0 0  - 0 . 1 5 8  
Algae - 0 . 1 8 4  - 0 . 1 0 4  - 0 . 6 7 1  - 0 . 2 4 1  
0 .  7 1 7  - 0 . 4 9 7  
- 0 . 1 5 8  1 .  0 0 0  
WEIGHTED CORRELATIONS AMONG VARIABLES IN SECOND 
( weighted by row totals in ma in matrix ) 
LPS BP EMB FC BRG 
s Coral H 
Coral E Algae 
LPS 1 .  0 0 0  0 . 2 5 1  0 . 6 1 0  - 0 . 6 4 8  
0 . 4 1 9  0 . 3 8 8  
0 . 2 3 4  - 0 . 2 0 0  
BP 0 . 2 5 1  1 .  0 0 0  0 . 1 2 6  0 . 0 6 4  
0 . 2 4 3  0 . 4 4 8  
0 . 3 5 8  - 0 . 1 0 3  
EMB 0 . 6 1 0  0 . 12 6  1 . 0 0 0 - 0 . 2 2 0  
0 . 6 6 0  0 . 3 7 7  
0 . 1 1 6  - 0 . 6 6 2  
FC - 0 . 6 4 8  0 . 0 6 4  - 0 . 2 2 0  1 .  0 0 0  
0 . 1 2 9  - 0 . 0 2 2  
- 0 . 1 1 7  - 0 . 2 1 3 
BRG - 0 . 0 0 1  0 . 1 6 3  0 . 2 5 3  0 . 4 5 5  
0 . 6 6 9  0 . 4 4 0  
0 . 1 7 9  - 0 . 7 7 3  
EG 0 . 5 7 1  - 0 . 2 0 8  0 .  7 1 7  - 0 . 4 4 1  
0 . 5 9 0  0 . 2 9 1  
0 . 0 5 6  - 0 . 5 0 6  
FR 0 . 1 4 0  - 0 . 1 5 7  0 . 1 8 1  - 0 . 2 0 6  
0 . 3 2 3  0 . 2 8 8  
0 . 1 9 0  - 0 . 5 5 1  
SF 0 . 4 0 4  - 0 . 0 8 5  0 . 4 2 3  - 0 . 2 7 1  
0 . 5 4 0  0 . 3 8 0  
0 . 1 8 1  - 0 . 6 6 3  
Coral s 0 . 4 1 9  0 . 2 4 3  0 . 6 6 0  0 . 1 2 9  
1 .  0 0 0  0 . 6 5 0  
0 . 1 7 6  - 0 . 7 2 0  
Coral H 0 . 3 8 8  0 . 4 4 8  0 . 3 7 7  - 0 . 0 2 2  
0 . 6 5 0  1 . 0 0 0  
75 
0 . 2 0 0  1 .  0 0 0  
0 . 3 2 2  0 . 5 0 0  
0 . 4 2 7  0 . 8 1 7  
0 . 6 9 2  0 . 5 8 1  
0 . 4 8 0  0 . 3 2 4  
0 . 1 4 5  0 . 0 4 5  
- 0 . 7 9 3  - 0 . 5 6 0  
MATRIX 
EG FR 
- 0 . 0 0 1  0 . 5 7 1  
0 . 1 6 3  - 0 . 2 0 8  
0 . 2 5 3  0 .  7 1 7  
0 . 4 5 5  - 0 . 4 4 1  
1 .  0 0 0  0 . 1 3 6  
0 . 1 3 6  1 .  0 0 0  
0 . 3 9 5  0 . 5 1 8  
0 . 4 2 2  0 . 7 9 3  
0 . 6 6 9  0 . 5 9 0  
0 . 4 4 0  0 . 2 9 1  
0 . 5 0 0  
1 .  0 0 0  
0 . 6 8 1  
0 . 2 7 3  
0 . 3 1 3  
0 . 1 9 1  
- 0 . 5 3 5  
0 . 1 4 0  
- 0 . 1 5 7  
0 . 1 8 1  
- 0 . 2 0 6  
0 . 3 9 5  
0 . 5 1 8  
1 .  0 0 0  
0 . 7 5 0  
0 . 3 2 3  
0 . 2 8 8  
SF 
0 . 8 1 7  
0 . 6 8 1  
1 .  0 0 0  
0 . 5 3 1  
0 . 4 1 6  
0 . 1 7 6  
- 0 . 7 0 4  
0 . 4 0 4  
- 0 . 0 8 5  
0 . 4 2 3  
- 0 . 2 7 1  
0 . 42 2  
0 . 7 9 3  
0 . 7 5 0  
1 .  0 0 0  
0 . 5 4 0  
0 . 3 8 0  
Coral 
0 . 8 2 4  - 0 . 4 5 0  
Coral E 0 . 2 3 4  0 . 3 5 8  0 . 1 1 6  
0 . 1 7 6  0 . 8 2 4  
1 .  0 0 0  - 0 . 1 7 3  
Algae - 0 . 2 0 0  - 0 . 1 0 3  - 0 . 6 6 2  
0 . 7 2 0  - 0 . 4 5 0  
- 0 . 1 7 3  1 .  0 0 0  
ITERATION REPORT 
Calculat ing axi s  1 
Res i dual 0 . 5 1 E + 0 4  at i teration 1 
Res i dual 0 . 7 1E - 0 1  at i teration 2 
Res i dual 0 . 14E+ 0 0  at i tera t i on 3 
Res i dual 0 . 1 1 E+ 0 0  at i tera t i on 4 
Res i dual 0 . 3 7 E - 0 1  at i terat ion 5 
Res i dual 0 . 9 2 E - 0 2  at i teration 6 
Res i dual 0 . 2 1E - 0 2  at iterat ion 7 
Res i dual 0 . 4 7 E - 0 3  at i t eration 8 
Res i dual 0 . 1 1 E - 0 3  at i teration 9 
Res i dual 0 . 2 6E - 0 4  at i tera t i on 1 0  
Res i dual 0 . 8 7 E - 1 0  at i tera t i on 2 0  
Re s i dual 0 . 9 1 E - 1 3  at i teration 2 6  
- 0 . 1 1 7  0 . 1 7 9  0 . 0 5 6  
- 0 . 2 1 3 - 0 . 7 7 3  - 0 . 5 0 6  
Solut ion reached tolerance o f  0 . 1 0 0 0 0 0 E - 1 2  after 2 6  iterations . 
Calculat ing 
Res i dual 
Res i dual 
Res i dual 
Res i dual 
Res i dual 
Res i dual 
axi s  2 
0 . 2 0 E+ 0 1  at i teration 
0 . 9 7 E- 0 2  at i tera t i on 
0 . 8 9 E - 0 2  at i tera t i on 
0 . 7 7 E - 0 2  at i terat ion 
0 . 6 2 E - 0 2  at i terat ion 







Res i dual 0 . 3 5 E - 0 2  at i tera t i on 7 
Res i dual 0 . 2 5 E - 0 2  at i tera t i on 8 
Res i dual 0 . 1 8 E - 0 2  at i tera t i on 9 
Re s i dual 0 . 1 2 E - 0 2  at i tera t i on 1 0  
Res i dual 0 . 2 5 E - 0 4  at i tera t i on 2 0  
Re s i dual 0 . 4 8 E - 0 6  at i tera t i on 3 0  
Res i dual 0 . 9 0 E - 0 8  at i tera t i on 4 0  
Re s idual 0 . 1 7 E - 0 9  at i teration 5 0  
Res i dual 0 . 3 2 E - 1 1  at i terat ion 6 0  
Res idual 0 . 1 4 E - 1 2  at i terat ion 7 0  
Res i dual 0 . 8 1 E - 1 3  at i tera t i on 7 1  
Solut i on reached tolerance o f  0 . 1 0 0 0 0 0 E - 1 2  after 7 1  i terations . 
Calculat ing axi s  3 
Res i dual 0 . 2 0 E + 0 1  at i teration 1 
Res i dual 0 .  2 9 E - 1 1  at i teration 2 
Res i dual 0 . 8 0 E - 1 2  a t  i tera t i on 3 
Res i dual 0 . 2 3 E - 1 2  at i teration 4 
Res i dual 0 .  7 5 E - 1 3  at i teration 5 
Solution reached tol erance of 0 . 1 0 0 0 0 0 E - 1 2  after 5 i tera t i ons . 
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0 . 1 9 0  0 . 1 8 1  
- 0 . 5 5 1  - 0 . 6 6 3  
AXIS SUMMARY STATISTICS 
Number of canonical axes : 3 
Total variance ( " inert ia " )  in the species da ta : 
Axi s  1 Axi s  2 
Eigenvalue 0 . 1 7 0  0 . 0 9 5  
Variance in species data 
% o f  variance explained 3 1 . 6  1 7 . 5  
Cumulat ive % expla ined 3 1 . 6  4 9 . 1  
Pearson Correlation ,  Spp -Envt * 0 . 9 9 8  0 . 9 8 3  
Kendal l  ( Rank ) Corr . , Spp-Envt 0 . 9 8 3  0 . 8 8 3  
0 . 5 3 8 8  
Axi s  3 
0 . 0 7 8  
1 4 . 4  
6 3 . 5  
0 .  9 1 1  
0 .  7 1 7  
* C orre lation between sample scores for an axis derived from the species 
data and the sample scores that are l inear combinat ions of the 
envi ronmental variabl es . Set to 0 . 0 0 0  i f  axi s  is not canonical . 
MULTI PLE REGRESSION RESULTS : 
Regre s s i on o f  samples in species space on variable 
Variable 
Canoni cal Coe f f i c i ents 
Standard i z ed Original Uni t s  
Axi s  1 Axi s  2 Axi s  3 Axis 1 Axi s 2 Axi s  3 S . Dev 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 LPS - 0 . 2 1 1  0 . 1 6 0  - 1 . 5 7 8  - 4 . 1 7 2  3 . 1 6 5  -3 1 . 2 4 8  0 . 5 0 5 E - 0 1  
2 BP - 0 . 6 2 4  0 . 4 7 9  0 . 2 2 1  -7 . 2 7 4  5 . 5 7 8  2 . 5 7 8  0 . 8 5 8 E - 0 1  
3 EMB 0 . 5 0 5  - 1 . 8 4 1  0 . 4 2 3  0 . 4 3 9  - 1 . 6 0 2  0 . 3 6 8 0 . 1 1 5E + 0 1  
4 FC 0 . 5 3 6  - 0 . 2 1 7  - 0 . 6 5 3  6 . 5 4 3  - 2 . 6 4 6  - 7 . 9 7 9  0 . 8 1 9 E - 0 1  
5 BRG - 0 . 4 3 9  - 0 . 6 8 5  - 0 . 8 0 6  - 0 . 2 9 0  - 0 . 4 5 3  - 0 . 5 3 3  0 . 1 5 1 E+ 0 1  
6 EG - 0 . 7 1 4  0 . 9 9 1  - 1 . 0 0 3  - 2 0 . 0 1 6  2 7 . 7 9 0  -2 8 . 1 1 7  0 . 3 5 7 E - 0 1  
7 FR - 0 . 1 6 3  - 1 . 0 4 6  - 0 . 1 0 9  - 1 . 0 5 6  - 6 . 7 7 5  - 0 . 7 0 6  0 . 1 5 4 E+ 0 0  
8 SF 0 . 5 9 8  0 . 3 1 5 0 . 8 2 9  1 . 0 2 0  0 . 5 3 8  1 . 4 14 0 . 5 8 6 E+ 0 0  
9 Coral s 0 . 3 9 3  - 0 . 0 7 6  1 . 0 0 9  0 . 0 9 6  - 0 . 0 1 9  0 . 2 47 0 . 4 0 8 E + 0 1  
1 0  Coral H - 0 . 7 9 3  0 . 3 7 6  - 0 . 0 0 1  - 1 . 2 7 9  0 . 6 0 6  - 0 . 0 0 2  0 . 6 2 0 E + 0 0  
1 1  Coral E · 0 . 3 7 5  - 0 . 7 5 3  0 . 3 8 1  1 .  6 8 5  - 3 . 3 8 2 1 .  7 1 2  0 . 2 2 3 E+ 0 0  
1 2  Algae 0 . 1 0 4  - 1 . 3 9 1  - 0 . 0 9 7  0 . 0 3 3  - 0 . 4 4 3  - 0 . 0 3 1  0 . 3 1 4 E + 0 1  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Scores that are derived from the scores of species (WA Score s )  
FINAL SCORES and raw data totals (weight s )  for 1 6  samples 
Axis 1 Axi s  2 Axi s  3 
Raw Data 
Totals 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 RB1 - 0 . 3 2 7 9 7 9  - 0 . 6 8 4 8 7 1  0 .  9 2 3 0 3 7  2 7 . 0 0 0 0  
2 RB2 0 . 2 5 5 0 6 9  - 0 . 6 3 8 7 2 5  0 . 5 3 3 1 6 8  2 3 . 0 0 0 0  
3 RB3 0 . 2 9 4 7 4 1  - 0 . 7 6 1 7 2 4  0 . 6 6 3 1 2 3  3 3 . 0 0 0 0  
4 RB4 0 . 0 1 1 0 3 5  - 0 . 7 9 0 1 3 5  0 . 0 0 9 3 5 3  2 8 . 0 0 0 0  
5 RB5 1 . 5 0 0 1 3 7  1 . 4 3 6 0 6 7  - 1 . 8 1 1 1 8 1  1 9 . 0 0 0 0  
6 RB6 0 . 6 6 9 9 5 5  - 0 . 1 2 9 7 0 0  - 0 . 1 3 7 1 4 0  1 8 . 0 0 0 0  
7 RB7 0 . 0 5 5 8 0 5 1 . 6 4 9 0 5 1  2 . 2 6 9 0 5 1  1 8 . 0 0 0 0  
8 RB8 - 1 . 3 7 8 6 0 5  - 0 . 1 6 5 7 3 4  -2 . 1 0 9 0 9 2  3 5 . 0 0 0 0  
9 RB9 1 . 1 9 4 7 2 5  1 . 2 0 9 7 8 6  0 .  6 9 6 7 2 6 2 0 . 0 0 0 0  
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1 0  RB1 0 1 . 0 1 0 1 5 9  1 . 1 1 4 4 6 6  - 1 . 5 2 1 1 9 7  1 9 . 0 0 0 0  
1 1  RBl l  - 1 . 5 3 5 5 9 1  0 . 9 2 4 1 6 0  0 . 9 8 1 6 1 5  2 0 . 0 0 0 0  
1 2  RB1 2  - 1 . 9 6 7 1 6 4  1 . 1 6 2 4 2 2  - 0 . 2 9 5 3 3 7  2 2 . 0 0 0 0  
1 3  RB1 3  - 0 . 2 8 8 4 7 5  -2 . 8 5 8 4 0 3  0 . 0 9 1 6 9 5  1 4 . 0 0 0 0  
1 4  RB1 4  1 . 3 9 9 0 1 8  - 0 . 4 8 8 0 3 8  - 0 . 2 2 0 2 7 1  2 1 . 0 0 0 0  
1 5  RB1 5 - 0 . 1 8 9 7 9 2  0 . 0 4 7 5 0 9  0 .  4 5 1 1 1 4  3 8 . 0 0 0 0  
1 6  RB1 6 1 . 3 7 9 0 6 1  - 1 . 0 3 9 5 5 4  - 0 . 1 6 0 0 5 3  9 . 0 0 0 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Scores that are l inear combinati ons of variable ( LC Scores ) 










1 0  RB1 0  
1 1  RB1 1  
1 2  RB1 2  
1 3  RB1 3  
1 4  RB1 4  
1 5  RB1 5  
1 6  RB1 6 
Axi s 1 
- 0 . 2 9 4 1 0 0  
0 . 1 6 1 4 6 1  
0 . 2 9 1 7 4 5  
0 . 0 1 0 4 5 5  
1 . 6 1 8 0 4 4  
0 . 7 2 4 3 0 0  
0 . 0 4 8 5 9 5  
- 1 . 3 7 3 4 3 4  
0 . 9 9 8 3 0 0  
1 . 1 2 3 1 0 2  
- 1 . 5 1 8 5 3 0  
- 1 . 9 8 1 5 3 2  
- 0 . 2 5 4 5 1 1  
1 .  3 4 9 2 1 8  
- 0 . 1 7 1 5 7 4  
1 . 3 4 7 8 6 3  
Axis 2 
- 0 . 5 2 8 9 1 3  
- 0 . 6 5 7 0 3 0  
- 0 . 7 3 0 0 8 8  
- 0 . 7 7 2 8 7 5  
0 . 8 6 4 5 4 7  
- 0 . 0 3 0 5 7 2  
1 . 6 9 3 0 8 9  
- 0 . 2 5 0 0 0 6  
1 .  3 0 9 3 5 2  
1 .  4 8 0 7 9 9  
0 . 5 9 4 3 4 6  
1 .  3 0 8 0 0 5  
-2 . 7 9 6 6 9 1  
- 0 . 5 3 4 6 9 5  
0 . 0 3 6 8 4 6  
- 0 . 9 4 2 0 9 6  
Axis 3 
0 . 9 1 5 8 8 1 
0 . 1 7 0 5 5 9  
0 . 6 1 3 5 5 8  
- 0 . 0 2 0 9 5 1  
- 0 . 6 4 0 7 1 7  
0 .  4 3 7 1 5 4  
2 . 1 5 9 3 5 8  
- 2 . 0 1 2 2 9 0  
- 0 . 5 3 9 8 6 0  
- 1 . 2 0 7 6 8 1  
1 . 3 7 5 5 6 6  
- 0 . 43 9 7 9 5  
0 . 2 2 7 5 9 4  
- 0 . 5 5 0 9 1 3  
0 . 4 2 0 4 0 8  
- 0 . 4 5 9 0 1 9  
FINAL SCORES and raw data totals ( weight s )  for 1 1  spec ies 
1 Th bi 
2 Ac co 
3 Sp vi 
4 S t  va 
5 Ac ch 
6 Sc cr 
7 Ca ro 
8 Ma tr 
9 S t  do 
1 0  Ha bi 
11 P s  rna 
Axis 1 
0 . 1 0 1 8 8 5  
- 0 . 3 6 8 9 9 3  
- 0 . 4 9 1 2 2 3  
0 . 0 7 2 7 9 0  
- 0 . 0 4 0 2 9 8  
- 0 . 4 4 4 8 3 2  
- 1 . 4 0 7 2 7 0  
0 . 1 4 5 4 5 6  
0 . 1 3 7 7 6 1  
0 . 8 0 0 9 7 7  
- 0 . 8 1 6 8 3 2  
Axis 2 
0 . 0 3 5 6 8 6  
0 . 0 1 7 2 2 5  
0 . 6 0 2 2 7 4  
0 . 6 9 1 9 4 1  
- 0 . 2 0 7 3 9 0  
- 0 . 1 9 4 2 4 7  
0 . 3 1 5 7 2 5  
- 0 . 0 0 4 3 5 7  
- 1 . 0 1 4 6 4 4  
0 . 2 2 1 0 6 8  
- 0 . 3 6 1 9 6 1  
Axi s  3 
0 . 0 1 5 7 9 4  
- 0 . 1 5 7 0 3 6  
0 . 6 7 4 5 7 3  
- 0 . 9 6 7 5 9 5  
- 0 . 0 0 3 6 4 8  
0 . 4 8 8 2 6 4  
- 0 . 6 3 9 6 9 0  
- 0 . 0 3 8 3 1 7 
0 . 0 6 0 6 0 7  
- 0 . 0 8 7 0 3 2  
- 0 . 5 0 0 9 8 2  
CORRELATIONS AND BI PLOT SCORES for 1 2  variable 
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Raw Data 
Tota l s  
2 7 . 0 0 0 0  
2 3 . 0 0 0 0  
3 3 . 0 0 0 0  
2 8 . 0 0 0 0  
1 9 . 0 0 0 0  
1 8 . 0 0 0 0  
1 8 . 0 0 0 0  
3 5 . 0 0 0 0  
2 0 . 0 0 0 0  
1 9 . 0 0 0 0  
2 0 . 0 0 0 0  
2 2 . 0 0 0 0  
1 4 . 0 0 0 0  
2 1 . 0 0 0 0  
3 8 . 0 0 0 0  
9 . 0 0 0 0  
Raw Data 
Tota l s  
1 5 3 . 0 0 0 0  
2 2 . 0 0 0 0  
2 1 . 0 0 0 0  
8 . 0 0 0 0  
62 . 0 0 0 0  
1 7 . 0 0 0 0  
9 . 0 0 0 0  
1 0 . 0 0 0 0  
1 5 . 0 0 0 0  
3 7 . 0 0 0 0  
1 0 . 0 0 0 0  
Variable 
Correlations * 
Axi s  1 Axi s  2 Axis 3 
Biplot Scores 









9 Coral S 
1 0  Coral H 
1 1  Coral E 
1 2  Algae 
- 0 . 6 7 1  
- 0 . 6 6 4  
- 0 . 2 8 5  
0 . 5 1 0  
- 0 . 1 7 7  
- 0 . 2 7 8  
- 0 . 2 9 6  
- 0 . 3 3 0  
- 0 . 4 1 3  
- 0 . 6 7 8  
- 0 . 5 4 5  
0 . 1 6 4  
0 . 0 6 1  
0 . 1 1 5  
- 0 . 2 3 0  
- 0 . 1 3 6  
- 0 . 2 6 4  
0 . 1 0 0  
- 0 . 2 0 3  
0 . 2 1 9 
- 0 . 0 6 3  
- 0 . 2 7 8  
- 0 . 4 0 5  
0 . 2 0 5  
- 0 . 5 6 4  
0 . 2 5 1  
- 0 . 1 8 7  
0 . 2 7 1  
0 . 0 3 0  
- 0 . 2 0 2  
0 . 0 8 1  
- 0 . 0 1 2  
0 . 0 1 4  
0 . 3 1 0  
0 . 3 3 8  
- 0 . 0 9 6  
- 0 . 6 7 1  
- 0 . 6 6 4  
- 0 . 2 8 5  
0 . 5 1 0  
- 0 . 1 7 7  
- 0 . 2 7 8  
- 0 . 2 9 6  
- 0 . 3 3 0  
- 0 . 4 1 3  
- 0 . 6 7 8  
- 0 . 5 4 5  
0 . 1 6 4  
0 . 0 6 1  
0 . 1 1 5  
- 0 . 2 3 0  
- 0 . 1 3 6  
- 0 . 2 6 4  
0 . 1 0 0  
- 0 . 2 0 3  
0 . 2 1 9  
- 0 . 0 6 3  
- 0 . 2 7 8  
- 0 . 4 0 5  
0 . 2 0 5  
- 0 . 5 6 4  
0 . 2 5 1  
- 0 . 1 8 7  
0 . 2 7 1  
0 . 0 3 0  
- 0 . 2 0 2  
0 . 0 8 1  
- 0 . 0 1 2  
0 . 0 1 4  
0 . 3 1 0  
0 . 3 3 8  
- 0 . 0 9 6  
* Corre lations are " intraset corre lations " o f  ter Braak ( 1 9 8 6 )  
INTER-SET CORRELATIONS for 1 2  variable 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Correlat i ons 
Variable Axi s  1 Axi s  2 Axi s  3 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 LPS - 0 . 6 7 0  0 . 0 6 0  - 0 . 5 1 3  
2 BP - 0 . 6 6 2  0 . 1 1 3  0 . 2 2 9  
3 EMB - 0 . 2 8 5  - 0 . 2 2 6  - 0 . 1 7 0  
4 FC 0 . 5 0 8  - 0 . 1 3 4  0 . 2 4 7  
5 BRG - 0 . 1 7 7  - 0 . 2 5 9  0 . 0 2 8  
6 EG - 0 . 2 7 8  0 . 0 9 8  - 0 . 1 8 4  
7 FR - 0 . 2 9 5  - 0 . 2 0 0  0 . 0 7 4  
8 SF - 0 . 3 2 9  0 . 2 1 5  - 0 . 0 1 1  
9 Coral s - 0 . 4 1 2  - 0 . 0 6 2 0 .  0 1 3  
1 0  Coral H - 0 . 6 7 7  - 0 . 2 73 0 . 2 8 2  
1 1  Coral E - 0 . 5 4 4  - 0 . 3 9 8  0 . 3 0 8 
1 2  Algae 0 . 1 6 4  0 . 2 0 1 - 0 . 0 8 7  
Not e : Obtain j oint plots o r  biplots by selecting GRAPH , then 
reques t ing " Joint plots " from the GRAPH menu . 
MONTE CARLO TEST RESULTS - - EIGENVALUES 






0 . 1 7 0  
0 . 0 9 5  
0 . 0 7 8  
Randomi zed data 
Monte Carlo tes t ,  9 9  runs 
Mean 
0 . 1 3 9  
0 . 1 0 4  
0 . 0 7 7  
Minimum Maximum 
0 . 0 9 3  
0 . 0 7 9  
0 . 0 5 1  
0 . 1 8 7  
0 . 1 4 4  
0 . 1 0 5  
p 
0 . 0 6 0 0  
0 . 7 3 0 0  
0 . 4 8 0 0  
p = proport ion o f  randomi zed runs wi th eigenva lue greater 
than or equal to the observed eigenvalue ; i . e . , 
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p ( 1  + no . permutations >= obs erved) / ( 1 + no . permutations ) 
MONTE CARLO TEST RESULTS - - S PECIES- ENVIRONMENT CORRELATIONS 




Randomi zed data 
Real data Monte Carlo te st , 9 9  runs 
Spp- Envt Carr . Mean 
0 . 9 9 8  
0 . 9 8 3  
0 .  9 1 1  
0 . 9 6 6  
0 . 9 5 5  
0 . 9 3 9  
Minimum 
0 . 8 8 6  
0 . 8 7 3  
0 . 7 5 6  
Maximum 
0 . 9 9 8  
0 . 9 9 6  
0 . 9 9 6  
p 
0 . 0 2 0 0  
0 . 1 7 0 0  
0 . 7 8 0 0  
p = proportion o f  randomi zed runs wi th spec i e s - environment 
c orre lation greater than or equal to the observed 
spec i e s -environment correlation ; i . e . , 
p = ( 1  + no . permutat i ons >= observed) / ( 1 + no . permutations ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * *  Operat ion completed * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
80 
3b. Rocky Point 
* * * * * * * * * * * * * * * * * * * * * *  Canonical Correspondence Analys i s  * * * * * * * * * * * * * * * * * * * * * *  
PC -ORD , Version 4 . 1 7 
2 1  Aug 2 0 0 2 , 2 0 : 2 5 
CCA Rocky Point 
DATA MATRICES 
Main matrix : 
1 6  samples 
1 4  species 
Second matrix : 
( rows ) 
( columns ) 
1 6  samples ( rows ) 
1 2  variable ( columns ) 
Fini shed reading data . 
OPTIONS SELECTED 
Axi s  s cores centered and standardi z ed to uni t  variance 
Axes s caled to opt imi z e  representat i on of columns : spec ies 
( Scores for spec ies are weighted mean scores for samples 
Scores for graphing samples are l inear combinat i ons of variable 
Monte Carlo test : nul l  hypothes i s  is no struc ture in 
main matrix and therefore no relationship between 
matrices 
Random number seed : 1 0  
RAW CORRELATIONS AMONG VARIABLES IN 
Coral s 
LPS 
0 . 0 9 8  
BP 
0 . 2 1 7  
EMB 
0 . 4 4 7  
FL 
0 . 4 2 4  
BRG 
0 . 7 6 8  
EG 




1 .  0 0 0  
0 . 2 6 1  
0 . 3 7 5  
0 . 2 7 4  
0 . 1 1 8  
0 . 2 6 9  
- 0 . 3 8 8  
- 0 . 0 0 8  
- 0 . 3 1 4 
0 . 0 3 0  
- 0 . 1 5 7  
0 . 1 4 4  
0 . 2 1 8  
0 . 2 4 6  
- 0 . 2 2 8  
0 . 2 2 5  
0 . 0 6 9  
- 0 . 1 0 8  
BP EMB 
Algae 
0 . 2 7 4  - 0 . 3 8 8  
- 0 . 1 6 9  
1 .  0 0 0  - 0 . 0 2 6  
- 0 . 0 2 2  
- 0 . 0 2 6  1 .  0 0 0  
- 0 . 4 3 7  
0 . 2 5 7  - 0 . 2 4 0  
0 . 3 7 7  
- 0 . 1 5 4  0 . 2 9 3  
- 0 . 8 7 0  
0 . 0 6 7 - 0 . 2 9 4 
- 0 . 4 0 1  
SECOND MATRIX 
FL 
0 . 0 3 0  
0 . 2 5 7  
- 0 . 2 4 0  
1 .  0 0 0  
- 0 . 2 9 3 
- 0 . 13 5  
8 1  
BRG 
0 . 2 1 8  
- 0 . 1 5 4  
0 . 2 9 3  
- 0 . 2 9 3 
1 .  0 0 0  
0 . 3 6 8  
EG 
0 . 2 2 5  
0 . 0 6 7  
- 0 . 2 9 4 
- 0 . 1 3 5  
0 . 3 6 8  
1 . 0 0 0  
FR 
0 . 0 3 4  
- 0 . 1 9 5  
- 0 . 2 5 2 
- 0 . 1 4 7  
0 . 1 5 4  
0 . 0 5 2  
SF 
0 . 3 7 0  
0 . 1 7 2  
0 . 0 2 0  
0 . 1 2 2  
0 . 3 9 1  
0 . 3 4 7  
FR 
0 . 2 9 1  
SF 
0 . 3 4 0  
Coral s 
1 .  0 0 0  
Coral H 
0 . 4 8 7  
Coral E 
0 . 1 1 5  
Algae 
0 . 6 7 9  
0 . 0 3 4  
0 . 2 4 9  
0 . 0 9 3  
0 . 3 7 0  
0 . 5 5 7  
0 . 4 0 2  
- 0 . 0 9 8  
0 . 4 8 7  
- 0 . 11 5  
0 . 2 6 1  
1 .  0 0 0  
0 . 8 0 9  
0 . 3 7 5  
0 . 8 0 9  
1 . 0 0 0  
- 0 . 1 6 9  
- 0 . 1 3 1  
0 . 3 2 3  
- 0 . 1 9 5  - 0 . 2 5 2  - 0 . 1 4 7  
- 0 . 0 2 0  
0 . 1 7 2  0 . 02 0  0 . 1 2 2  
- 0 . 4 5 2  
- 0 . 2 1 7 0 . 4 47 - 0 . 4 2 4  
- 0 . 6 7 9  
0 . 1 1 8  - 0 . 0 0 8  - 0 . 1 5 7  
- 0 . 1 3 1  
0 . 2 6 9  - 0 . 3 1 4  0 . 1 4 4  
0 . 3 2 3  
- 0 . 0 2 2  - 0 . 4 3 7  0 . 3 7 7  
1 .  0 0 0  
WEIGHTED CORRELATIONS AMONG VARIABLES IN SECOND 
( weighted by row totals in main matrix ) 
LPS 
s Coral H 
Coral E 
LPS 1 .  0 0 0  
0 . 0 6 2 0 . 2 3 1  
0 . 3 2 6  
BP 0 . 2 9 8  
0 . 2 1 1  0 . 1 1 8  
0 . 2 7 0  
EMB - 0 . 3 4 9  
0 . 4 5 7  0 . 0 8 1  
- 0 . 2 2 3  
FL 0 . 0 2 4  
0 . 3 8 5  - 0 . 1 4 3  
0 . 1 3 2  
BRG 0 . 2 8 8  
0 .  7 7 1  0 . 2 8 2 
- 0 . 1 8 8  
EG 0 . 2 4 9  
0 . 2 1 4  0 . 0 3 3  
- 0 . 1 1 9  
FR - 0 . 0 0 2  
0 . 3 1 0  0 . 2 3 3  
0 . 0 7 3  
SF 0 . 3 9 1  
0 . 3 5 3  0 . 5 5 4  
0 . 4 0 5  
Coral s - 0 . 0 6 2  
1 .  0 0 0  0 . 5 2 9  
- 0 . 0 6 0  
Coral H 0 . 2 3 1  
0 . 5 2 9  1 .  0 0 0  
0 . 8 1 4  
BP EMB 
Algae 
0 . 2 9 8  
- 0 . 2 5 9  
1 .  0 0 0  
- 0 . 0 7 2  
- 0 . 0 2 6  
- 0 . 4 1 8  
0 . 2 2 4  
0 . 3 4 3  
- 0 . 1 3 0  
- 0 . 8 6 8  
0 . 0 6 9  
- 0 . 3 8 8  
- 0 . 2 5 9  
- 0 . 0 1 4 
0 . 1 7 0  
- 0 . 4 9 8  
- 0 . 2 1 1  
- 0 . 6 6 5  
0 . 1 1 8  
- 0 . 1 6 9  
FL 
- 0 . 3 4 9  
- 0 . 0 2 6  
1 .  0 0 0  
- 0 . 2 1 8  
0 . 2 6 7  
- 0 . 3 1 6  
- 0 . 2 4 0  
0 . 0 9 5  
0 . 4 5 7  
0 . 0 8 1  
0 . 0 2 4  
0 . 2 2 4  
- 0 . 2 1 8  
1 .  0 0 0  
- 0 . 2 6 9  
- 0 . 1 1 8  
- 0 . 1 3 0  
0 . 0 9 2  
- 0 . 3 8 5  
- 0 . 1 4 3  
ERG 
0 . 1 5 4  
0 . 3 9 1  
0 . 7 6 8  
0 . 2 4 6  
- 0 . 2 2 8  
- 0 . 8 7 0  
MATRIX 
EG 
0 . 2 8 8  
- 0 . 1 3 0  
0 . 2 6 7  
- 0 . 2 6 9  
1 .  0 0 0  
0 . 3 5 4  
0 . 2 1 7  
0 . 4 1 4  
0 .  7 7 1  
0 . 2 8 2  
Coral E 0 . 3 2 6  0 . 2 7 0  - 0 . 2 2 3  0 . 1 3 2  - 0 . 1 8 8  
0 . 0 6 0  0 . 8 1 4  
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0 . 0 5 2  
0 . 3 4 7  
0 . 2 6 1  
0 . 0 6 9  
- 0 . 1 0 8  
- 0 . 4 0 1  
FR 
0 . 2 4 9  
0 . 0 6 9  
- 0 . 3 1 6  
- 0 . 1 1 8  
0 . 3 5 4  
1 .  0 0 0  
0 . 0 0 5  
0 . 3 2 4  
0 . 2 1 4  
0 . 0 3 3  
- 0 . 1 1 9  
1 .  0 0 0  
0 . 0 3 9  
0 . 2 9 1  
0 . 2 4 9  
0 . 0 9 3  
- 0 . 0 2 0  
SF 
- 0 . 0 0 2  
- 0 . 2 5 9  
- 0 . 2 4 0  
- 0 . 1 3 0  
0 . 2 1 7  
0 . 0 0 5  
1 .  0 0 0  
- 0 . 0 0 4  
0 . 3 1 0  
0 . 2 3 3  
0 . 0 7 3  
0 . 0 3 9  
1 . 0 0 0  
0 . 3 4 0  
0 . 5 5 7  
0 . 4 0 2  
- 0 . 4 5 2  
Coral 
0 . 3 9 1  
0 . 1 7 0  
0 . 0 9 5  
0 .  0 9 2  
0 . 4 1 4  
0 . 3 2 4  
- 0 . 0 0 4  
1 .  0 0 0  
0 . 3 5 3  
0 . 5 5 4  
0 . 4 0 5  
Algae 
0 . 6 6 5  
1 .  0 0 0  
- 0 . 2 5 9  
0 . 2 7 3  
- 0 . 0 7 2  - 0 . 4 1 8  0 . 3 4 3  - 0 . 8 6 8  - 0 . 3 8 8  
- 0 . 1 6 9  
0 . 2 7 3  1 .  0 0 0  
ITERATION REPORT 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Calculat ing axi s 1 
Res i dual 0 . 5 0 E + 0 4  a t  i tera t i on 1 
Res i dual 0 . 4 2 E - 0 1  at i teration 2 
Res i dual 0 . 8 0 E - 0 2  at i teration 3 
Res i dual 0 . 3 2 E - 0 2  at i teration 4 
Res i dual = 0 . 1 3 E - 0 2  at i tera t i on 5 
Re s i dual = 0 . 5 8 E - 0 3  at i terat ion 6 
Re s i dual 0 . 2 6 E - 0 3  at i terat ion 7 
Res i dual 0 . 1 2 E - 0 3  at i terat ion 8 
Res i dual 0 . 5 7 E - 0 4  at i terat ion 9 
Res i dual 0 . 2 9E - 0 4  a t  i tera t i on 1 0  
Res i dual 0 . 1 2 E - 0 6  at i terat ion 2 0  
Res i dual 0 . 8 7 E - 0 9  at i teration 3 0  
Res i dual 0 . 5 6 E - 1 1  at i teration 4 0  
Res i dual 0 . 3 4 E - 1 2  a t  i teration 5 0  
Res i dual 0 . 8 4 E - 1 3  a t  i terat i on 5 2  
Solut ion reached tolerance of 0 . 1 0 0 0 0 0E - 1 2  after 5 2  itera t i ons . 
Calculat ing axi s  2 
Res i dual 0 . 2 0E+ 0 1  at i teration 1 
Res i dual 0 . 6 2 E - 0 2  at i teration 2 
Res i dual 0 . 4 6 E - 0 2  a t  i tera t i on 3 
Res i dual 0 . 3 2 E - 0 2  at i t eration 4 
Res i dual 0 . 2 2 E - 0 2  at i teration 5 
Res i dual 0 . 1 5 E - 0 2  at i t eration 6 
Res i dual 0 . 1 0 E - 0 2  a t  i teration 7 
Res i dual 0 . 6 7 E - 0 3  a t  i teration 8 
Res i dual 0 . 4 4 E - 0 3  at i t erat i on 9 
Res i dual 0 . 2 9 E - 0 3  at i terat ion 1 0  
Res i dual 0 . 4 2 E - 0 5  at i teration 2 0  
Res i dual = 0 . 5 9 E - 0 7  at i tera t i on 3 0  
Re s i dual 0 . 8 2 E - 0 9  at i tera t i on 4 0  
Res i dual 0 . 1 2 E - 1 0  a t  i t erat i on 5 0  
Res i dual 0 . 2 1E - 1 2  at i terat i on 6 0  
Res i dual = 0 . 9 9 E - 1 3  a t  i teration 62 
Solut i on reached tolerance of 0 . 1 0 0 0 0 0 E - 1 2  after 62 i tera t i ons . 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Calculat ing axi s  3 
Res i dual 0 . 2 0 E+ 0 1  at i tera t i on 1 
Res i dual 0 . 6 4 E - 1 1  at i teration 2 
Re s i dual 0 . 2 6 E - 1 2  a t  i teration 3 
Res i dual 0 . l l E - 1 2  a t  i teration 4 
Res i dual 0 . 4 0 E - 1 2  a t  i t eration 5 
Res i dual 0 . 2 8E - 1 3  a t  i tera t i on 6 
Solut i on reached tolerance of 0 . 1 0 0 0 0 0 E - 1 2  after 6 i tera t i ons . 
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- 0 . 0 1 4  - 0 . 4 9 8  
AXIS SUMMARY STATISTICS 
Number of canonical axes : 3 
Total variance ( " inertia " )  in the species data : 
Axi s  1 Axi s  2 
Eigenvalue 0 . 2 9 2 0 . 2 2 8  
Variance in spec ies data 
% of variance explained 2 8 . 5  2 2 . 3  
Cumulat ive % explained 2 8 . 5  5 0 . 8  
Pearson Correlat ion , Spp-Envt * 0 . 9 9 7  0 . 9 6 7  
Kendal l  ( Rank ) Corr . , Spp-Envt 0 . 5 1 7  0 . 8 3 3  
1 . 0 2 5 8  
Axi s  3 
0 . 1 8 4  
1 8 . 0  
6 8 . 7  
0 . 9 4 5  
0 . 6 1 7  
* Correlation between sample s cores f o r  an axi s derived from the spec ies 
data and the sample scores that are l inear combina t i ons of the 
environmental variabl es . Set to 0 . 0 0 0  i f  axi s  is not canoni cal . 
MULTIPLE REGRESSION RESULTS : 
Regre s s i on of samples in species space on variable 
Canonical Coe f f i c ients 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Standardi zed Original Uni t s  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Variable Axi s  1 Axi s  2 Axi s  3 Axi s  1 Axi s  2 Axis 3 S . Dev 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 LPS - 0 . 8 2 6  - 0 . 0 1 8  - 0 . 0 3 6  - 3 . 3 4 9  - 0 . 0 7 3  - 0 . 1 4 4  
2 BP - 0 . 1 7 4  0 . 4 2 5  0 . 0 0 6  - 1 . 7 1 2  4 . 1 7 6  0 . 0 6 1  
3 EMB 0 . 4 8 0  - 0 . 2 8 2 0 . 2 3 7  0 . 2 1 5  - 0 . 12 6  0 . 1 0 6  
4 FL - 0 . 3 9 9  - 0 . 7 3 4  - 0 . 2 2 6  - 1 2 . 3 2 9  - 2 2 . 7 1 3  -7 . 0 0 6  
5 BRG - 0 . 0 7 8  0 . 7 3 5  0 . 3 7 5  - 0 . 0 3 0  0 . 2 8 0  0 . 1 4 3  
6 EG 0 . 2 5 4  - 0 . 5 8 5  - 0 . 1 0 3  3 . 3 0 8  -7 . 6 1 0  - 1 . 3 3 8  
7 FR 0 . 2 5 8  0 . 0 5 9  - 0 . 1 6 0  0 . 5 1 5  0 . 1 1 7  - 0 . 3 1 9  
8 SF 0 . 3 7 1  1 . 1 1 7  - 0 . 9 54 0 . 4 0 7  1 . 2 2 4  1 .  0 4 6  
9 Coral s 3 . 5 3 3  2 . 2 3 6  - 4 . 7 0 5  1 .  3 4 0  0 . 8 4 8  - 1 . 7 8 4  
1 0  Coral H - 7 . 0 7 5  -4 . 2 5 7  6 . 5 9 8  - 2 9 . 7 5 2  - 1 7 . 9 0 5  2 7 . 7 4 9  
1 1  Coral E 6 . 1 3 1  2 . 1 7 9  - 5 . 7 3 4  7 7 . 5 1 6  2 7 . 5 4 9  - 7 2 . 4 9 1  
1 2  Algae 0 . 2 9 0  1 .  0 7 9  0 . 5 1 5  0 . 1 2 7  0 . 4 7 2  0 . 2 2 5  
Scores that are derived from the scores o f  species (WA Score s )  
FINAL SCORES and raw data totals ( weight s )  for 1 6  samples 
Axi s  1 Axi s  2 Axi s  3 
Raw Data 
Tota l s  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 RP1 0 . 0 0 9 1 9 5  - 0 . 6 5 4 6 5 2  0 . 3 6 0 7 1 0  3 9 . 0 0 0 0  
2 RP2 0 . 1 0 5 0 0 7 - 0 . 5 5 7 3 1 1  0 . 1 1 6 1 0 8  4 6 . 0 0 0 0  
3 RP3 0 . 0 0 3 4 3 3  - 0 . 6 4 1 7 2 2  0 . 0 9 9 9 0 7 5 2 . 0 0 0 0  
4 RP4 0 . 5 5 5 2 7 6  1 . 0 6 5 2 5 0  - 2 . 2 2 8 0 5 7  5 0 . 0 0 0 0  
5 RP5 0 . 8 7 8 9 0 2  1 . 6 5 9 0 9 4  - 1 . 8 8 5 1 4 4  4 1 . 0 0 0 0  
6 RP6 -3 . 1 2 4 8 5 4  1 . 6 0 9 1 6 4  0 . 5 8 3 7 0 3  5 1 . 0 0 0 0  
7 RP7 0 . 0 1 1 3 0 3  - 0 . 6 6 1 9 9 5  0 . 0 2 2 0 0 3  4 6 . 0 0 0 0  
8 RP8 0 . 0 0 2 2 0 8  - 0 . 6 8 0 5 4 3  - 0 . 2 7 7 3 7 6  4 1 . 0 0 0 0  
9 RP9 0 . 0 8 3 4 8 4  - 0 . 4 9 0 7 0 6  - 0 . 1 5 7 2 6 8  42 . 0 0 0 0  
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0 . 2 4 7 E + O O  
0 . 1 0 2 E+ 0 0  
0 . 2 2 3 E+ 0 1  
0 . 3 2 3 E - 0 1  
0 . 2 6 3 E+ 0 1  
0 . 7 6 9E- 0 1  
0 . 5 0 0 E+ 0 0  
0 . 9 1 2 E + 0 0  
0 . 2 6 4 E + 0 1  
0 . 2 3 8 E+ O O  
0 . 7 9 1E - 0 1  
0 . 2 2 9 E+ 0 1  
� 
1 0  RP1 0 - 0 . 0 3 4 1 9 7  - 0 . 7 3 9 7 6 5  - 0 . 0 2 7 3 8 2  3 3 . 0 0 0 0  
1 1  RP11 - 0 . 0 3 1 6 9 9  - 0 . 8 2 9 3 3 3  0 . 2 9 2 1 3 0  3 4 . 0 0 0 0  
1 2  RP12 - 0 . 0 4 7 6 8 2  - 0 . 9 1 0 7 1 0  0 . 1 3 0 6 7 5  3 3 . 0 0 0 0  
1 3  RP13 1 .  6 3 5 9 1 7 2 . 0 8 1 2 2 9  2 . 5 7 1 2 0 3  5 0 . 0 0 0 0  
1 4  RP 1 4  0 . 0 3 0 4 9 5  - 0 . 5 9 3 3 8 3  0 . 1 5 0 1 2 5  4 6 . 0 0 0 0  
1 5  RP1 5  0 . 1 4 2 5 6 1  - 0 . 3 0 5 6 5 2  - 0 . 0 2 4 6 7 8  3 9 . 0 0 0 0  
1 6  RP1 6  0 . 0 3 3 5 0 6  - 0 . 6 6 7 7 0 3  0 . 1 0 4 3 0 5  3 3 . 0 0 0 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Scores that are l inear combinat i ons o f  variable ( LC Scores ) 










10 RP1 0  
1 1  RP1 1  
1 2  RP1 2  
1 3  RP1 3  
1 4  RP14 
15 RP1 5 
1 6  RP1 6  
Axis 1 
0 . 1 2 3 6 1 7  
- 0 . 1 4 8 4 5 1  
0 . 0 2 2 5 4 0  
0 . 5 4 4 4 4 3  
0 . 8 3 5 0 3 9  
- 3 . 0 9 4 1 2 6  
0 .  0 7 2 0 2 2  
0 . 0 0 8 7 3 6  
0 .  0 4 1 6 9 2  
0 . 0 0 4 4 1 7  
0 . 1 0 3 3 1 9  
- 0 . 0 4 7 6 8 2  
1 .  6 7 9 4 5 0  
- 0 . 0 0 42 1 1  
0 . 1 5 3 4 0 5  
- 0 . 0 0 2 7 7 8  
Axis 2 
- 0 . 0 0 2 5 4 8  
- 0 . 4 4 3 6 8 6  
- 0 . 6 3 6 3 9 9  
1 . 0 42 7 3 2  
1 . 7 2 9 9 6 4  
1 .  4 6 2 3 1 0  
- 0 . 7 0 0 9 9 5  
- 0 . 9 4 4 8 6 1  
- 0 . 0 4 6 1 8 0  
- 0 . 8 2 3 3 4 1 
- 1 . 2 6 1 9 0 1  
- 0 . 9 1 0 7 1 0  
1 . 7 4 6 9 6 6  
- 0 . 5 7 5 7 1 9  
- 0 . 0 2 7 5 14 
- 0 . 9 3 2 7 4 2  
Axi s  3 
0 .  8 9 7 1 6 0  
0 . 7 6 3 2 3 5  
0 . 0 6 3 4 9 6  
- 2 . 2 5 5 1 2 6  
- 1 . 5 8 0 6 3 7  
0 . 3 7 9 6 4 9  
- 0 . 2 5 8 4 7 5  
- 0 . 3 7 6 4 7 3  
0 . 1 4 4 3 6 4  
- 0 . 1 7 2 0 1 8  
- 0 . 5 5 6 6 0 7  
0 . 1 3 0 6 7 5  
2 . 1 3 0 4 7 3  
0 . 1 4 9 4 8 5  
0 . 0 5 1 5 7 0 
0 . 3 3 1 5 2 1  
FINAL SCORES and raw data totals ( weight s )  for 1 4  spec ies 
1 Sp au 
2 Th bi 
3 Ac co 
4 St fu 
5 Sp vi 
6 St va 
7 Ac ch 
8 Sc cr 
9 Op at 
10 Ha ra 
11 Mi ch 
12 Ha bi 
13 At st 
1 4  Ky se 
Axi s  1 
0 . 0 7 4 4 3 5  
0 .  0 1 1 4 9 2  
- 0 . 0 6 4 7 0 8  
- 0 . 0 0 6 8 1 2 
0 . 0 0 7 6 0 5  
- 0 . 1 0 8 5 9 9  
- 0 . 0 1 3 3 9 4  
0 . 7 4 9 1 8 0  
0 . 0 0 1 1 4 7  
0 . 0 4 5 0 9 9  
- 0 . 1 0 4 3 8 9  
0 . 1 5 0 2 0 1  
- 3 . 0 9 4 1 2 6  
1 .  6 7 9 4 5 0  
Axi s  2 
- 0 . 4 3 6 3 2 3  
- 0 . 0 7 3 4 3 7  
- 0 . 3 0 5 6 7 7  
- 0 . 6 4 9 3 0 9  
- 0 . 1 1 4 3 7 2  
- 0 . 1 5 0 5 9 2 
- 0 . 2 2 8 9 5 9  
1 .  2 4 6 3 0 6  
- 0 . 6 0 7 2 1 3 
0 . 4 4 7 3 1 5  
0 . 0 4 2 4 7 0 
- 0 . 2 6 4 7 1 0  
1 . 4 6 2 3 1 0  
1 . 7 4 6 9 6 6  
Axi s  3 
- 0 . 0 2 3 4 7 6  
0 . 1 1 9 4 1 6  
- 0 . 0 9 3 9 3 6  
0 . 1 9 2 0 0 0  
- 0 . 2 2 3 7 0 4  
- 0 . 2 6 2 1 6 5  
0 . 0 6 3 5 6 2 
- 0 . 9 4 5 9 1 3  
0 . 0 8 4 9 2 2  
- 1 . 0 2 6 3 7 5  
0 . 0 5 4 0 3 4  
- 0 . 4 5 2 7 1 6  
0 . 3 7 9 64 9  




3 9 . 0 0 0 0  
4 6 . 0 0 0 0  
5 2 . 0 0 0 0  
5 0 . 0 0 0 0  
4 1 . 0 0 0 0  
5 1 . 0 0 0 0  
4 6 . 0 0 0 0  
4 1 . 0 0 0 0  
42 . 0 0 0 0  
3 3 . 0 0 0 0  
3 4 . 0 0 0 0  
3 3 . 0 0 0 0  
5 0 . 0 0 0 0  
4 6 . 0 0 0 0  
3 9 . 0 0 0 0  
3 3 . 0 0 0 0  
Raw Data 
Totals 
1 1 . 0 0 0 0  
3 3 2 . 0 0 0 0  
6 2 . 0 0 0 0  
2 0 . 0 0 0 0  
3 5 . 0 0 0 0  
1 3 . 0 0 0 0  
8 3 . 0 0 0 0  
3 4 . 0 0 0 0  
1 0 . 0 0 0 0  
2 4 . 0 0 0 0  
9 . 0 0 0 0  
1 6 . 0 0 0 0  
1 5 . 0 0 0 0  
1 2 . 0 0 0 0  
CORRELATIONS AND BI PLOT SCORES for 1 2  variable 
Variable 
Correlat ions * 
Axi s  1 Axi s  2 Axi s  3 
Biplot Scores 









9 Coral S 
1 0  Coral H 
1 1  Coral E 
1 2  Algae 
- 0 . 7 9 9  
- 0 . 4 4 6  
0 . 2 8 6  
- 0 . 0 1 1  
- 0 . 4 3 2  
- 0 . 2 9 5  
0 . 1 1 6  
- 0 . 2 5 9  
- 0 . 0 9 9  
- 0 . 1 3 0  
- 0 . 0 7 8  
0 . 4 7 6  
0 . 0 0 0  
- 0 . 1 6 4  
0 . 0 8 7  
- 0 . 2 0 6  
0 . 2 4 2  
- 0 . 1 0 3  
0 . 1 0 9  
- 0 . 0 2 5  
0 . 0 5 6  
- 0 . 5 3 6  
- 0 . 6 6 1  
- 0 . 2 2 3  
0 . 1 4 8  
0 . 2 7 3  
0 . 0 0 8  
0 . 0 3 0  
- 0 . 3 2 4  
- 0 . 0 2 5  
- 0 . 4 6 0  
0 . 4 8 4  
- 0 . 4 6 6  
- 0 . 0 0 3  
0 . 2 7 9  
0 . 0 3 9  
- 0 . 7 9 9  
- 0 . 4 4 6  
0 . 2 8 6  
- 0 . 0 1 1  
- 0 . 4 3 2  
- 0 . 2 9 5  
0 . 1 1 6  
- 0 . 2 5 9  
- 0 . 0 9 9  
- 0 . 1 3 0  
- 0 . 0 7 8  
0 . 4 7 6  
0 . 0 0 0  
- 0 . 1 6 4  
0 . 0 8 7  
- 0 . 2 0 6  
0 . 2 4 2  
- 0 . 1 0 3  
0 . 1 0 9  
- 0 . 0 2 5  
0 . 0 5 6  
- 0 . 5 3 6  
- 0 . 6 6 1  
- 0 . 2 2 3  
0 . 1 4 8  
0 . 2 7 3  
0 . 0 0 8  
0 . 0 3 0  
- 0 . 3 2 4  
- 0 . 0 2 5  
- 0 . 4 6 0  
0 . 4 8 4  
- 0 . 4 6 6  
..:. o . o o 3  
0 . 2 7 9  
0 . 0 3 9  
* Correlat ions are " intraset correlations " o f  ter Braak ( 1 9 8 6 )  
INTER-SET CORRELATIONS for 12 variable 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Corre lat ions 
Variable Axis 1 Axi s  2 Axis 3 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 LPS - 0 . 7 9 6  0 . 0 0 0  0 . 1 3 9  
2 BP - 0 . 4 44 - 0 . 1 5 9  0 . 2 5 8  
3 EMB 0 . 2 8 5  0 . 0 8 4  0 . 0 0 8  
4 FL - 0 . 0 1 1  - 0 . 1 9 9  0 . 0 2 8  
5 BRG - 0 . 4 3 1  0 . 2 3 4  - 0 . 3 0 6  
6 EG - 0 . 2 9 4  - 0 . 0 9 9  - 0 . 0 2 3  
7 FR 0 . 1 1 5  0 . 1 0 6  - 0 . 4 3 5  
8 SF - 0 . 2 5 8  - 0 . 0 2 4  0 . 4 5 8  
9 Coral s - 0 . 0 9 9  0 . 0 5 5  - 0 . 4 4 0  
1 0  Coral H - 0 . 1 3 0  - 0 . 5 1 8  - 0 . 0 0 3  
1 1  Coral E - 0 . 0 7 8  - 0 . 6 3 9  0 . 2 6 4  
1 2  Algae 0 . 4 7 4  - 0 . 2 1 6  0 . 03 7  
Note : Obtain j o int plots or biplots by selec t ing GRAPH , then 
reque s t ing " Joint plots " from the GRAPH menu . 




MONTE CARLO TEST RESULTS -- EIGENVALUES 
Real data 
Eigenvalue 
0 . 2 9 2  
0 . 2 2 8  
0 . 1 8 4  
Randomi zed data 
Monte Carlo tes t ,  9 9  runs 
Mean 
0 . 2 7 5  
0 . 1 9 4  
0 . 1 1 5  
Minimum Maximum 
0 . 1 7 4  
0 . 1 1 0  
0 . 0 5 0  
86 
0 . 4 3 2  
0 . 2 6 9  
0 . 2 1 4 
p 
0 . 3 4 0 0  
0 . 2 1 0 0  
0 . 0 3 0 0  
' 
p proport i on of randomized runs with eigenvalue greater 
than or equal to the observed ei genvalue ; i . e . , 
p ( 1  + no .  permutations >= obs erved ) / ( 1 + no .  permutations ) 
MONTE CARLO TEST RESULTS - - S PECIES -ENVIRONMENT CORRELATIONS 




Randomi zed data 
Real data Monte Carlo tes t , 9 9  runs 
Spp-Envt Corr . Mean 
0 . 9 9 7  
0 . 9 6 7  
0 . 9 4 5  
0 . 9 6 8  
0 . 9 3 0  
0 . 8 9 2  
Minimum 
0 . 8 5 9  
0 . 6 6 2  
0 . 6 3 9  
Maximum 
0 . 9 9 9  
0 . 9 9 9  
0 . 9 9 5  
p 
0 . 1 1 0 0  
0 . 2 8 0 0  
0 . 4 3 0 0  
p = proport i on o f  randomi zed runs wi th spec ies-envi ronment 
correlation greater than or equal to the observed 
spec i e s - environment corre lation ; i . e . , 
p = ( 1  + no .  permuta t i ons >= observed ) / ( 1 + no .  permutat i ons ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * *  Operat ion comp leted * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
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CCA Lindsay Reef 
DATA MATRICES 
Main matrix : 
1 6  samples 
1 7  species 
Second matrix : 
( rows ) 
( columns ) 
1 6  samples ( rows ) 
1 2  variable ( columns ) 
Fini shed reading data . 
OPTIONS SELECTED 
Axi s  scores centered and standard i z ed to uni t  variance 
Axes s caled to opt imi ze representat ion of columns : spec ies 
( Scores for spec ies are weighted mean scores for samples 
Scores for graphing samples are l inear combinat i ons of variable 
Monte Carlo test : nul l  hypothe s i s  is no structure in 
main matrix and therefore no relationship between 
matrices 
Random number seed : 1 0  
RAW CORRELATIONS AMONG VARIABLES IN 
LPS BP EMB 
Coral s Coral H 
Coral E Algae 
LPS 1 .  0 0 0  0 . 0 1 6  0 . 1 6 5  
0 . 1 0 6  - 0 . 2 4 2  
- 0 . 2 6 7  0 . 1 4 3  
BP 0 . 0 1 6  1 .  0 0 0  0 . 0 3 2  
0 . 2 3 8  0 . 1 8 8  
0 . 5 2 7  0 . 3 2 8  
EMB 0 . 1 6 5  0 . 0 3 2  1 .  0 0 0  
0 . 2 9 0  - 0 . 2 3 7  
- 0 . 5 2 0  - 0 . 3 2 3  
FL - 0 . 1 1 6  - 0 . 2 3 1  - 0 . 0 4 9  
0 . 0 8 9  - 0 . 0 1 3  
- 0 . 0 9 3  0 . 0 8 1  
BRG - 0 . 2 6 9  - 0 . 5 6 5  - 0 . 1 4 6  
0 . 0 4 9  - 0 . 0 6 7  
- 0 . 3 3 3  - 0 . 7 0 3  
EG - 0 . 3 2 7  - 0 . 0 2 0  0 . 1 02 
0 . 1 6 4  0 . 0 3 2  
- 0 . 1 6 0  - 0 . 2 1 7  
SECOND MATRIX 
FL BRG EG 
- 0  . 1 1 6  - 0 . 2 6 9  - 0 . 3 2 7  
- 0 . 2 3 1  - 0 . 5 6 5  - 0 . 0 2 0  
- 0 . 0 4 9  - 0 . 1 4 6  0 . 1 0 2  
1 .  0 0 0  - 0 . 2 6 2  0 . 6 4 4  
- 0 . 2 6 2 1 .  0 0 0  0 . 0 0 5  
0 . 6 4 4  0 . 0 0 5  1 .  0 0 0  
8 8  
FR 
0 . 2 7 7  
- 0 . 2 0 8  
0 . 1 7 4  
- 0 . 2 3 3  
0 . 1 0 5  
- 0 . 1 2 9  
SF 
- 0 . 1 6 3  
0 . 0 1 9  
- 0 . 0 7 0  
0 . 0 9 8  
0 . 1 4 8  
0 . 2 6 2  
FR 0 . 2 7 7  - 0 . 2 0 8  0 . 1 7 4  - 0 . 2 3 3  
0 . 2 8 0  0 . 0 5 9  
- 0 . 1 1 2 - 0 . 1 0 3  
SF - 0 . 1 6 3  0 . 0 1 9  - 0 . 0 7 0  0 . 0 9 8  
0 . 2 9 0  0 . 3 8 7  
- 0 . 1 8 4  - 0 . 1 5 4  
Coral s - 0 . 1 0 6  - 0 . 2 3 8  0 . 2 9 0  0 . 0 8 9  
1 .  0 0 0  - 0 . 0 5 1  
- 0 . 0 8 5  - 0 . 2 3 4  
Coral H - 0 . 2 4 2  0 . 1 8 8  - 0 . 2 3 7  - 0 . 0 1 3  
0 . 0 5 1  1 .  0 0 0  
0 . 6 1 8  0 . 1 9 3  
Coral E - 0 . 2 6 7  0 . 5 2 7  - 0 . 5 2 0  - 0 . 0 9 3  
0 . 0 8 5  0 . 6 1 8  
1 .  0 0 0  0 . 4 48 
Algae 0 . 1 4 3  0 . 3 2 8  - 0 . 3 2 3  0 . 0 8 1  
0 . 2 3 4  0 . 1 9 3  
0 . 4 4 8  1 .  0 0 0  
WEIGHTED CORRELATIONS AMONG VARIABLES IN SECOND 
( weighted by row totals in ma in matrix) 
LPS 
s Coral H 
LPS 
0 . 0 2 2  
BP 
0 . 2 7 4 
EMB 
0 . 2 9 7  
FL 
0 . 0 9 8  
BRG 
0 . 0 8 9  
EG 
0 . 2 7 5  
FR 
0 . 3 3 8  
SF 
0 . 4 1 7  
Coral s 
1 .  0 0 0  
Coral H 
0 . 0 0 7  
Coral E 
0 . 0 5 1  
Coral E 
1 .  0 0 0  
- 0 . 2 6 0  
- 0 . 2 3 4  
0 . 0 2 9  
0 . 1 0 6  
0 . 4 9 5  
0 . 2 1 7  
- 0 . 1 9 9  
- 0 . 4 5 5  
- 0 . 1 8 7  
0 . 0 8 7  
- 0 . 0 8 2  
- 0 . 2 7 5  
- 0 . 0 6 3  
- 0 . 3 0 2  
- 0 . 4 3 4  
0 . 0 9 4  
- 0 . 1 5 7  
0 . 3 5 8  
- 0 . 0 0 7  
- 0 . 1 4 6  
- 0 . 2 7 2  
0 . 3 6 5  
- 0 . 1 6 1  
- 0 . 0 2 2  
- 0 . 0 0 7  
- 0 . 0 5 1  
- 0 . 2 6 0  
1 .  0 0 0  
0 . 6 1 5  
- 0 . 2 3 4  
0 . 6 1 5  
BP EMB FL BRG 
Algae 
0 . 0 2 9  0 . 2 1 7  - 0 . 1 8 7  
0 . 1 5 3  
1 .  0 0 0  0 . 1 4 3  - 0 . 2 4 4  
0 . 3 2 0  
0 . 1 4 3  1 .  0 0 0  - 0 . 1 4 6  
- 0 . 2 7 3  
- 0 . 2 4 4 - 0 . 1 4 6  1 . 0 0 0  
0 . 1 1 8  
- 0 . 5 5 9  - 0 . 2 2 5  - 0 . 2 7 8  
- 0 . 6 8 9  
- 0 . 0 6 7  0 . 0 0 2  0 . 7 3 8  
- 0 . 1 9 6  
- 0 . 2 5 9  0 . 2 12 - 0 . 2 7 2  
- 0 . 1 8 3  
0 . 0 0 1  - 0 . 1 3 9  0 . 2 6 2  
- 0 . 0 7 4  
- 0 . 2 7 4  0 . 2 9 7  - 0 . 0 9 8  
- 0 . 2 0 5  
0 . 1 0 6  - 0 . 1 9 9  0 . 0 8 7  
0 . 1 9 6  
0 . 4 9 5  - 0 . 4 5 5  - 0 . 0 8 2  
89 
0 . 1 0 5  
0 . 1 4 8  
0 . 0 4 9  
- 0 . 0 6 7 
- 0 . 3 3 3  
- 0 . 7 0 3  
MATRIX 
- 0 . 2 7 5  
- 0 . 5 5 9  
- 0 . 2 2 5  
- 0 . 2 7 8  
1 .  0 0 0  
- 0 . 0 1 6  
0 . 1 6 4  
0 . 0 8 8  
0 . 0 8 9  
- 0 . 0 6 3 
- 0 . 3 0 2 
EG 
- 0 . 1 2 9  
0 . 2 6 2  
- 0 . 1 6 4  
0 . 0 3 2  
- 0 . 1 6 0  
- 0 . 2 1 7 
FR 
- 0 . 4 3 4  
- 0 . 0 6 7  
0 . 0 0 2  
0 . 7 3 8  
- 0 . 0 1 6  
1 .  0 0 0  
- 0 . 1 9 6  
0 . 3 7 6  
- 0 . 2 7 5  
0 . 0 9 4  
- 0 . 1 5 7  
1 .  0 0 0  
- 0 . 1 9 8  
0 . 2 8 0  
0 . 0 5 9  
- 0 . 1 1 2  
- 0 . 1 0 3  
0 . 3 5 8  
- 0 . 2 5 9  
0 . 2 12 
- 0 . 2 7 2  
0 . 1 6 4  
- 0 . 1 9 6  
1 .  0 0 0  
- 0 . 3 3 6  
0 . 3 3 8  
- 0 . 0 0 7  
- 0 . 1 4 6  
SF 
- 0 . 1 9 8  
1 .  0 0 0  
- 0 . 2 9 0  
0 . 3 8 7  
- 0 . 1 8 4  
- 0 . 1 5 4  
Coral 
- 0 . 2 7 2  
0 . 0 0 1  
- 0 . 1 3 9  
0 . 2 6 2  
0 . 0 8 8  
0 . 3 7 6  
- 0 . 3 3 6  
1 .  0 0 0  
- 0 . 4 1 7  
0 . 3 6 5  
- 0 . 1 6 1  
Algae 
0 . 2 0 5  
1 . 0 0 0  
0 . 1 5 3  
0 . 1 9 6  
0 . 4 4 8  
ITERATION REPORT 
Calculat ing axi s 1 
Res i dual 0 . 5 2 E+ 0 4  
Res i dual 0 . 2 1E+ 0 0  
Res i dual 0 . 1 9 E - 0 1  
Res i dual 0 . 1 9 E - 0 2  
Res i dual 0 . 2 1E - 0 3  
Res i dual 0 . 2 6 E - 0 4  
Res i dual 0 . 3 3 E - 0 5  
Res i dual 0 . 4 3 E- 0 6  
Res i dual 0 . 5 6 E - 0 7  
Res i dual 0 . 7 5E - 0 8  
Res i dual 0 . 4 8 E - 1 3  
0 . 4 48 
0 . 3 2 0  - 0 . 2 7 3  
1 .  0 0 0  
at i tera t i on 
at i tera t i on 
at i teration 
at i teration 
at i t erat i on 
at i tera t i on 
at i terat ion 
at i teration 
at i tera t i on 
at i tera t i on 
at i tera t i on 










1 0  
1 6  
Solution reached tol erance of 0 . 1 0 0 0 0 0 E - 1 2  af ter 1 6  
Calculat ing axi s  2 
Res i dual 0 . 2 0 E+ 0 1  at i tera t i on 1 
Res i dual 0 . 1 4 E - 0 2  at itera t i on 2 
Res i dual 0 . 1 2 E - 0 2  at i teration 3 
Res i dual 0 . 9 4 E - 0 3  at i teration 4 
Res i dual 0 . 7 5 E - 0 3  at i teration 5 
Res i dual 0 . 6 0 E - 0 3  at i teration 6 
Res i dual 0 . 4 8 E - 0 3  at i t erati on 7 
Res i dual 0 . 3 8 E - 0 3  at i teration 8 
Res i dual 0 . 3 0 E - 0 3  at i teration 9 
Res i dual 0 . 2 3 E- 0 3  at i teration 1 0  
Res i dual 0 . 2 0 E - 0 4  at i teration 2 0  
Res idual 0 . 1 7 E - 0 5  at i teration 0 0  
Res i dual 0 . 1 5E - 0 6  at i terat ion 4 0  
Res i dual 0 . 1 2 E - 0 7  at i terat ion 5 0  
Res i dual 0 . 1 1 E - 0 8  at i terat ion 6 0  
Re s i dual 0 . 9 0 E - 1 0  at i tera t i on 7 0  
Res i dual 0 . 7 2 E - 1 1  at i tera t i on 8 0  
Res i dual 0 . 6 2 E - 1 2  at i t erat i on 9 0  
Res i dual 0 . 8 5 E - 1 3  at i teration 9 8  
- 0 . 1 9 6  
i tera t i ons . 
Solut i on reached tolerance of 0 . 1 0 0 0 0 0 E - 1 2  after 9 8  i terations . 
Calculat ing axi s  3 
Res i dual 0 . 2 0 E + 0 1  at i tera t i on 1 
Res idual 0 . 3 0 E - 0 6  at i tera t i on 2 
Res i dual 0 . 1 3 E - 0 6  at i tera t i on 3 
Res i dual 0 . 5 5 E - 0 7  at iterat ion 4 
Res i dual 0 . 2 4E - 0 7  at i t eration 5 
Res i dual O . l O E - 0 7  at i teration 6 
Res idual 0 . 4 5E - 0 8  a t  i tera t i on 7 
Res i dual 0 . 1 9 E - 0 8  at i teration 8 
Res i dual 0 . 8 4 E - 0 9  at i teration 9 
Re s i dual 0 . 3 6 E - 0 9  at i tera t i on 1 0  
Res i dual 0 . l l E - 1 2  at i teration 2 0  
Res i dual 0 . 5 8E - 1 3  a t  i tera t i on 2 1  
90 
- 0 . 1 8 3  - 0 . 0 7 4  
Solut ion reached tolerance o f  0 . 1 0 0 0 0 0E - 1 2  a f t er 2 1  i t era t i ons . 
AXI S  SUMMARY STATISTICS 
Number o f  canonical axes : 3 
Total variance ( " inertia " )  in the species data : 
Axi s  1 Axi s  2 
Eigenvalue 0 . 2 5 1  0 . 0 9 3  
Variance in species data 
% o f  variance explained 3 2 . 5  12 . 0  
Cumulat ive % explained 3 2 . 5  4 4 . 5  
Pearson Correlation, Spp-Envt * 0 . 9 9 8  0 . 8 8 8  
Kendal l  ( Rank) Carr . , Spp -Envt 0 . 9 3 3  0 . 6 8 3  
0 . 7 7 3 1  
Axis 3 
0 . 0 8 2  
1 0 . 6  
5 5 . 1  
0 . 9 9 3  
0 . 9 6 7  
* Correlation between sample s.cores for an axi s  derived from the spec ies 
data and the sample scores that are l inear combinat ions of the 
environmental variables . Set to 0 . 0 0 0  if axi s  is not canonical . 
MULTI PLE REGRESSION RESULTS : 
Regre s s i on o f  samples in spec ies space on variable 
Variable 
Canonical Coe f f i c ients 
Standardized Original Uni t s  
Axi s  1 Axis 2 Axi s  3 Axi s  1 Axi s 2 Axi s  3 S . Dev 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 LPS - 0 . 0 2 4  0 . 5 2 8  - 0 . 1 9 2  - 0 . 0 9 8  2 . 1 6 6  - 0 . 7 8 8  
2 BP 0 . 44 2  - 1 . 2 1 8  0 . 3 7 8  2 . 0 2 3  - 5 . 5 6 9  1 .  7 2 7  
3 EMB - 0 . 2 2 3  0 . 7 5 4  0 . 3 0 1  - 0 . 1 5 1  0 . 5 1 2  0 . 2 0 4  
4 FL - 0 . 3 1 0  - 0 . 2 8 5  0 . 4 3 9  - 0 . 7 0 5  - 0 . 6 4 8  0 . 9 9 9  
5 BRG 0 . 0 0 8  0 . 0 8 0  0 . 5 8 3  0 . 0 0 5  0 . 0 5 3  0 . 3 8 2 
6 EG - 0 . 5 4 1  0 . 0 5 7  - 0 . 8 0 9  - 1 . 1 0 6  0 . 1 1 6  - 1 . 6 5 5  
7 FR - 0 . 2 1 3 - 0 . 1 6 5  0 . 5 4 7  - 0 . 4 6 0  - 0 . 3 5 6  1 . 1 8 0  
8 SF - 0 . 6 2 5  0 . 5 2 3  0 . 9 2 7  - 0 . 6 6 7  0 . 5 5 8  0 . 9 8 9  
9 Coral s 0 . 2 0 4  - 0 . 6 0 9  - 0 . 1 5 7  0 . 1 0 1  - 0 . 3 0 1  - 0 . 0 7 8  
1 0  Coral H 0 . 5 7 5  - 1 . 1 0 5  - 0 . 5 1 4  2 . 2 1 0  -4 . 2 4 5  - 1 . 9 7 6  
1 1  Coral E - 0 . 7 0 8  1 .  9 3 5  - 0 . 2 4 6  - 2 . 3 1 1  6 . 3 1 6  - 0 . 8 0 2  
1 2  Algae 0 . 0 5 9  - 0 . 7 3 5  0 . 5 2 8  0 . 0 5 8  - 0 . 7 2 8  0 . 5 2 3  
Scores that are derived from the scores o f  species (WA Scores ) 
FINAL SCORES and raw data totals ( weight s )  for 1 6  samples 
Axi s  1 
1 L1 0 .  7 7 1 5 1 0  
2 L2 0 . 2 3 0 7 1 6  
3 L3 0 . 2 5 8 3 1 4  
4 L4 0 . 4 5 5 8 4 4  
5 L5 0 . 0 2 6 8 3 5  
Axi s  2 
- 2 . 0 4 3 9 6 7  
0 . 6 1 8 6 6 4  
0 . 0 9 2 9 9 5  
0 . 4 1 2 6 7 5  
1 . 1 1 1 2 8 4  
Axi s  3 
0 . 3 7 3 4 4 7  
0 . 2 1 0 2 1 2  
0 . 3 4 1 0 2 9  
- 1 . 2 2 5 9 1 9  




4 1 . 0 0 0 0  
4 6 . 0 0 0 0  
6 3 . 0 0 0 0  
4 8 . 0 0 0 0  
5 5 . 0 0 0 0  
0 . 2 4 4E+ 0 0  
0 . 2 1 9E+ 0 0 
0 . 1 4 7 E + 0 1  
0 . 4 4 0 E + 0 0  
0 . 1 5 3 E + 0 1  
0 . 4 8 9 E + 0 0  
0 . 4 6 4 E + O O  
0 . 9 3 7 E + 0 0  
0 . 2 0 2 E+ 0 1  
0 . 2 6 0 E+ 0 0  
0 . 3 0 6 E + 0 0  
0 . 1 0 1 E+ 0 1  
6 L6 0 . 3 4 2 0 0 8  1 . 8 3 0 4 3 6  0 . 0 0 0 1 8 7  3 0 . 0 0 0 0  
7 L7 - 0 . 0 3 9 6 1 9 0 . 9 0 4 3 9 5  0 . 6 1 1 2 2 2  3 1 . 0 0 0 0  
8 L8 0 . 7 3 4 3 8 0  - 1 . 7 6 1 5 7 4  - 0 . 4 3 0 0 6 0  4 8 . 0 0 0 0  
9 L9 - 0 . 4 6 1 9 8 5  0 . 7 6 0 3 0 2  2 . 0 5 8 5 9 9  5 6 . 0 0 0 0  
1 0  L 1 0  0 .  2 5 5 1 1 0  0 . 6 5 5 6 5 2  - 0 . 2 9 7 7 8 2 2 3 . 0 0 0 0  
1 1  L 1 1  0 . 1 3 5 2 9 2 0 . 3 8 2 8 4 2  0 . 1 2 0 8 0 8  4 5 . 0 0 0 0  
1 2  L12 -2 . 6 9 4 2 3 9  - 0 . 6 9 3 7 0 6  - 0 . 6 6 8 3 5 7  7 3 . 0 0 0 0  
1 3  L 1 3  0 . 7 8 3 8 6 7  - 0 . 0 3 9 5 9 1  - 2 . 3 1 1 0 3 3  3 3 . 0 0 0 0  
1 4  L 1 4  0 . 8 6 9 5 1 6  - 3 . 1 4 9 4 4 6  1 .  7 8 4  7 9 9  2 3 . 0 0 0 0  
1 5  L 1 5  0 . 8 2 8 8 3 7  0 . 2 9 4 5 7 2  - 1 . 1 7 4 1 1 0  3 3 . 0 0 0 0  
1 6  L 1 6  0 . 3 8 6 8 7 7  0 . 3 4 2 8 0 0  - 0 . 0 8 1 9 5 1  2 9 . 0 0 0 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Scores that are l inear combina t i ons of variable ( LC Scores ) 
FINAL SCORES and raw data totals (weight s )  for 1 6  samples 
1 L1 
2 L 2  
3 L 3  




8 L 8  
9 L9 
10 L 1 0  
1 1  L l l  
1 2  L 1 2  
1 3  L 1 3  
1 4  L 1 4  
1 5  L1 5 
1 6  L 1 6  
Axi s  1 
0 . 6 6 2 0 2 3  
0 . 2 4 6 3 4 6  
0 . 2 2 1 3 3 4  
0 . 5 3 0 2 2 6  
0 . 0 7 4 2 2 2  
0 . 3 7 4 2 5 9  
- 0 . 1 8 2 4 3 5  
0 . 7 1 5 2 2 1  
- 0 . 3 9 6 6 1 0  
0 . 2 4 9 6 6 0  
0 . 2 1 8 2 1 3 
-2 . 7 0 9 8 4 8  
0 . 7 8 0 9 1 6  
0 . 8 4 5 7 5 2  
0 . 7 7 1 3 5 8  
0 .  4 1 1 5 5 3  
Ax i s  2 
- 1 . 0 5 6 2 6 0  
0 . 3 0 0 7 0 3 
0 . 3 2 8 2 9 3 
0 . 0 4 3 2 1 7  
0 . 7 2 2 6 5 7 
1 . 5 0 9 0 9 7  
2 . 1 9 8 5 7 5  
- 1 . 8 2 7 2 1 5  
0 . 1 2 2 4 2 8  
1 . 1 9 5 5 7 5  
- 0 . 2 8 0 0 5 7  
- 0 . 5 5 3 3 7 4  
- 0 . 0 3 0 2 6 5  
-2 . 5 1 1 0 1 6  
0 . 5 0 0 4 2 8  
0 . 0 7 3 5 0 3  
Axis 3 
0 . 4 7 9 9 5 7  
0 . 2 4 6 7 6 2  
0 . 3 3 0 8 3 0  
- 1 . 3 8 3 3 2 0  
0 . 5 4 6 2 3 2  
- 0 . 3 4 4 4 3 1 
0 . 6 8 7 6 7 7  
- 0 . 3 4 5 2 0 4  
2 . 0 3 5 9 4 9  
- 0 . 2 0 8 3 2 7  
0 . 0 2 0 0 5 1  
- 0 . 6 6 1 5 8 8  
- 2 . 3 04 7 1 2  
1 . 5 8 8 5 5 5  
- 0 . 9 0 5 2 9 2 
- 0 . 0 8 1 5 4 8  
FINAL SCORES and raw data totals ( we ight s )  for 1 7  species 
Axis 1 Axi s  2 Axi s  3 
Raw Data 
Tota l s  
4 1 . 0 0 0 0  
4 6 . 0 0 0 0  
6 3 . 0 0 0 0  
4 8 . 0 0 0 0  
5 5 . 0 0 0 0  
3 0 . 0 0 0 0  
3 1 . 0 0 0 0  
4 8 . 0 0 0 0  
5 6 . 0 0 0 0  
2 3 . 0 0 0 0  
4 5 . 0 0 0 0  
7 3 . 0 0 0 0  
3 3 . 0 0 0 0  
2 3 . 0 0 0 0  
3 3 . 0 0 0 0  
2 9 . 0 0 0 0  
Raw Data 
Totals 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 Ha ga 0 . 0 5 2 4 7 7  - 0 . 3 8 8 2 8 3  - 0 . 0 2 8 3 9 5  1 9 . 0 0 0 0  
2 Sp au 0 . 5 5 7 2 4 0  - 0 . 1 6 7 3 0 5  - 1 . 1 4 1 7 7 2  1 2 . 0 0 0 0  
3 Th bi - 0 . 0 1 7 1 2 2  0 . 0 7 3 0 9 0  0 . 0 9 5 4 0 1  2 6 3 . 0 0 0 0  
4 Ac co 0 . 1 2 4 1 9 8  - 0 . 0 0 3 6 3 1  - 0 . 1 6 6 6 8 5  3 8 . 0 0 0 0  
5 S t  fu 0 . 5 9 5 4 4 5  - 0 . 1 3 0 9 8 7  - 0 . 5 5 3 8 5 0  2 0 . 0 0 0 0  
6 Sp vi 0 . 1 1 6 7 67 0 . 1 4 5 7 6 0  - 0 . 1 0 8 2 5 9  5 2 . 0 0 0 0  
7 Ce fu 0 . 4 6 8 4 9 7  - 0 . 1 8 6 1 5 3  - 0 . 2 4 5 5 6 1  1 6 . 0 0 0 0  
8 Ac ch 0 . 0 2 9 9 1 7 0 . 1 8 3 2 8 2  - 0 . 2 2 0 9 6 0  4 7 . 0 0 0 0  
9 Sc cr 0 . 2 5 1 8 1 4  - 0 . 0 0 1 3 9 9  0 . 0 1 0 6 8 9  7 8 . 0 0 0 0  
1 0  Ha ra - 0 . 0 8 1 7 7 6  0 . 1 0 6 0 6 0  0 . 0 8 8 4 0 7  1 7 . 0 0 0 0  
1 1  Ma tr - 0 . 6 6 8 0 2 5  0 . 1 8 6 4 5 0  0 . 4 8 9 3 2 3  2 5 . 0 0 0 0  
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1 2  P s  ma 0 . 1 5 4 3 2 8  - 0 . 3 1 7 0 5 8  0 . 0 2 4 4 1 6  1 1 . 0 0 0 0  
1 3  Gr l o  0 . 2 4 8 8 7 0  0 . 9 0 2 6 4 8  0 . 1 1 0 4 2 4  1 1 . 0 0 0 0  
1 4  Ky s e  -2 . 7 0 9 8 4 8  - 0 . 5 5 3 3 7 4  - 0 . 6 6 1 5 8 9  1 6 . 0 0 0 0  
1 5  Go ge - 0 . 6 8 0 1 0 1  0 . 1 0 4 3 8 8  0 . 6 0 3 9 4 4  2 1 . 0 0 0 0  
- 1 6  Co gl 0 . 3 6 9 1 3 0  0 . 0 5 1 1 5 2  - 0 . 1 4 4 5 4 8  1 2 . 0 0 0 0  
1 7  UniD Sc 0 . 6 5 4 7 9 0  - 1 . 4 2 3 3 6 0  0 . 5 3 0 9 9 9  1 9 . 0 0 0 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CORRELATIONS AND BI PLOT SCORES for 12 variable 
Variable 
Correlations * 
Axi s  1 Axi s 2 Axis 3 
Biplot Scores 









9 Coral S 
1 0  Coral H 
1 1  Coral E 
1 2  Algae 
0 . 3 4 5  
0 . 2 4 6  
0 . 1 7 1  
- 0 . 7 9 3  
- 0 . 0 2 2  
- 0 . 8 8 5  
0 . 1 7 5  
- 0 . 5 6 4  
0 . 4 0 5  
- 0 . 0 5 7  
0 . 2 2 7  
0 . 1 6 0  
0 . 1 9 7  
- 0 . 2 5 9  
- 0 . 0 3 1  
- 0 . 2 7 6  
0 . 4 8 0  
- 0 . 1 6 8  
0 . 0 5 8  
- 0 . 1 2 4  
- 0 . 2 5 8  
- 0 . 3 0 4 
- 0 . 1 8 2  
- 0 . 5 8 3  
0 . 2 1 3  
- 0 . 0 6 8  
0 . 1 2 6  
- 0 . 2 7 3  
0 . 14 8  
- 0 . 2 6 3  
0 . 1 5 7  
0 . 4 9 4  
- 0 . 2 2 9  
- 0 . 2 7 0  
- 0 . 5 3 6  
- 0 . 0 0 1  
0 . 3 4 5  
0 . 2 4 6  
0 . 1 7 1  
- 0 . 7 9 3  
- 0 . 0 2 2  
- 0 . 8 8 5  
0 . 1 7 5  
- 0 . 5 6 4  
0 . 4 0 5  
- 0 . 0 5 7  
0 . 2 2 7  
0 . 1 6 0  
0 . 1 9 7  
- 0 . 2 5 9  
- 0 . 0 3 1  
- 0 . 2 7 6  
0 . 4 8 0  
- 0 . 1 6 8  
0 . 0 5 8  
- 0 . 1 2 4  
- 0 . 2 5 8  
- 0 . 3 0 4  
- 0 . 1 8 2  
- 0 . 5 8 3  
0 . 2 1 3  
- 0 . 0 6 8  
0 . 1 2 6  
- 0 . 2 7 3  
0 . 1 4 8  
- 0 . 2 6 3  
0 . 1 5 7  
0 . 4 9 4  
- 0 . 2 2 9  
- 0 . 2 7 0  
- 0 . 5 3 6  
- 0 . 0 0 1  
* Correlations are " intraset correlations " of ter Braak ( 1 98 6 )  
INTER- SET CORRELATIONS for 12 variable 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Correlations 
Variable Axi s  1 Axi s  2 Axi s  3 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 LPS 0 . 3 44 0 . 1 7 5  0 . 2 1 2 
2 BP 0 . 2 4 5  - 0 . 2 3 0  - 0 . 0 6 8  
3 EMB 0 . 1 7 1  - 0 . 0 2 7  0 . 1 2 5  
4 FL - 0 . 7 9 2  - 0 . 2 4 5  - 0 . 2 7 1  
5 BRG - 0 . 0 2 2  0 . 4 2 6  0 . 1 4 6  
6 EG - 0 . 8 8 3  - 0 . 1 4 9  - 0 . 2 6 2  
7 FR 0 . 1 7 5  0 . 0 5 1  0 . 1 5 6  
8 SF - 0 . 5 6 3  - 0 . 1 1 0  0 . 4 9 0  
9 Coral s 0 . 4 0 5  - 0 . 2 2 9  - 0 . 2 2 7  
1 0  Coral H - 0 . 0 5 7  - 0 . 2 7 0  - 0 . 2 6 8  
1 1  Coral E 0 . 2 2 7  - 0 . 1 6 2  - 0 . 5 3 2  
1 2  Algae 0 . 1 6 0  - 0 . 5 1 7  - 0 . 0 0 1  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Not e : Obtain j oint plots or biplots by selecting GRAPH , then 
reques t ing " Joint p l ot s "  from the GRAPH menu . 
MONTE CARLO TEST RESULTS -- EIGENVALUES 
Randomi zed data 
Real data Monte Carlo test , 9 9  runs 
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0 . 2 5 1  
0 . 0 9 3  
0 . 0 8 2  
Mean 
0 . 2 6 0  
0 . 1 2 2  
0 . 0 8 8  
Minimum 
0 . 1 4 7  
0 . 0 9 1  
0 . 0 6 4  
Maximum 
0 . 4 5 9  
0 . 1 7 2  
0 . 1 1 3  
p 
0 . 5 8 0 0  
0 . 9 9 0 0  
0 . 7 2 0 0  
p = proportion o f  randomi z ed runs with eigenvalue greater 
than or equal to the observed e igenvalue ; i . e . , 
p = ( 1  + no .  permutat i ons >= observed) / ( 1 + no .  permutat i ons ) 
MONTE CARLO TEST RESULTS -- S PECIES -ENVIRONMENT CORRELATIONS 




Randomi zed data 
Real data Monte Carlo tes t , 9 9  runs 
Spp-Envt Corr . Mean 
0 . 9 9 8  
0 . 8 8 8  
0 . 9 9 3  
0 . 9 3 7  
0 . 9 6 1  
0 . 9 5 2  
Minimum 
0 . 7 7 9  
0 . 8 2 4  
0 . 8 3 4  
Maximum 
0 . 9 9 9  
0 . 9 9 9  
0 . 9 9 7  
p 
0 . 0 5 0 0  
0 . 9 8 0 0  
0 . 0 5 0 0  
p = proportion o f  randomi z ed runs wi th spec i e s - environment 
correlation greater than or equal to the observed 
spec i e s - environment correlat ion ; i . e . , 
p = ( 1  + no . permutat ions >= observed) / ( 1 + no .  permutat ions ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * *  Operation completed * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
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